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Abstract 
The EU Consumer Footprint aims at assessing the environmental impacts of consumption. 
The methodology for assessing the impacts is based on the life cycle assessment (LCA) of 
products (or services) purchased and used in one year by an EU citizen. This report is 
about the subset indicator of the consumer footprint of the basket of product (BoP) on 
mobility. The baseline model of the BoP mobility is built using statistics about European 
fleet composition and intensity of use of transport means by European citizens, i.e. the 
number of kilometers travelled by road, rail and air transport. These data are then allocated 
to 27 representative products, including 16 types of passenger cars, 3 types of 2-wheelers, 
3 types of bus transport, 2 types of rail transport and 3 types of air transport.  
The resulting baseline inventory model, referring to the year 2010, has been assessed for 
15 different impact categories, using the ILCD life cycle impact assessment method. A 
sensitivity analysis has been run for some impact categories, with a selection of recent 
impact assessment models and factors. Results allows a wide array of considerations, as 
this study reports overall impact in Europe due to mobility, average impact per citizen, 
share of impact due to each transport mode and type of vehicle. The results highlight that 
road transport is by far the mode of transport contributing the most to the impact of EU 
citizens’ mobility. Within this macro-category, the product groups that can be considered 
hotspots for the European mobility are passenger cars, and especially diesel cars. In terms 
of impact categories, resource depletion is the most important one, especially for road 
transport (due to the materials used to build the vehicles and the fossil fuels used in the 
use stage). The contribution of life cycle stages to the overall impact of the BoP mobility 
varies among impact categories: vehicle usage, fuel production and vehicle production are 
the most relevant stages for almost all the impact categories considered. 
To assess potential benefits stemming from selected ecoinnovations applied to the mobility 
sector, the Consumer Footprint BoP mobility baseline has been assessed against five 
scenarios. The scenarios developed for the BoP mobility regard the use of eco-driving 
measures (including technical and behavioural changes), an increased use of biofuels in 
substitution of the current blend of diesel, and the evolution of hybrid and electric mobility 
(as the share of hybrid and electric vehicles in the European fleet and of the expected 
increase in efficiency of the batteries). In addition, one scenario is directly related to 
changes in the lifestyle of European citizens, namely the shift of a portion of their mobility 
habits from private cars to public transport, for what concern the mobility in urban areas.  
The amount of km travelled yearly by European citizens plays a relevant role in the 
assessment of the scenarios representing possible improvement options for the sector. 
Indeed, the number of person*km (pkm) travelled yearly by an average European citizen 
is constantly growing over time. This is reflected in the larger impact (over all the impact 
categories considered) of the baseline for the reference year 2015 over the baseline 2010 
and of scenario 1 (expected situation in 2030) over the baselines 2015 and 2010. The 
increase of the pkm travelled offsets the reduction of the impact per km travelled achieved 
through the introduction of cars compliant to the new emission standards (Euro 6) and 
through the increase of electric and hybrid vehicles. The expected improvements related 
to electric and hybrid cars, and especially on the batteries, could lead to a reduction of the 
impact of these type of vehicles up to 40% (e.g. impact of improved electrical vehicle on 
freshwater eutrophication, compared to the current performance of electrical vehicle). 
However, the relevance of these improvements on the overall impact of the BoP (i.e. of 
the mobility of EU citizens) is strongly dependent on the share of vehicles in the fleet. In 
general, the impact reduction expected from the single solutions tested in the scenarios 
has a limited effect on the overall impact of the BoP (i.e. of the consumption area of 
mobility) if they are considered one by one and it is the combination of several measures 
that may help to maximize the benefits. Specifically for the mobility sector, a reduction of 
the total kms travelled by road, rail or air means of transport (e.g. by increasing the kms 
travelled by bicycle or by walking, when possible), is needed, to avoid that the reduction 
of impact achieved through technological improvements is offset by the continuous 
increase in the amount of pkm over time. 
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1 The European Union (EU) Consumer Footprint 
Assessing the environmental impact due to consumption of goods and services is a crucial 
step towards achieving the sustainable development goal related to responsible production 
and consumption (SDG 12). As part of its commitment towards more sustainable 
production and consumption, the European Commission has developed an assessment 
framework to monitor the evolution of environmental impacts associated to the European 
consumption adopting LCA as reference methodology (EC-JRC, 2012a; EC-JRC, 2012b). 
The present study is expanding the initial assessment framework to ensure a more 
complete and robust evaluation of the impacts, addressing SDG 12, partially SDG11 (on 
sustainable cities and communities) and assessing impact on a number of environmental 
impact categories related to other SDGs, mainly the ones addressing ecosystems and 
human health. Assessing environmental impact of consumption is primarily linked with 
SDG 12, and it implies the evaluation of the level of decoupling of environmental impact 
from economic growth, and related consumption patterns. However, assessing impact of 
production and consumption means, as well, understanding to which extent production and 
consumption may have an impact on other SDGs (Box 1). 
Box 1 Overview of the link between SDGs, assessing the environmental impact of consumption 
and calculating this impact with Life Cycle Assessment  
 
The assessment framework aims to support a wide array of policies, such as those related 
to circular economy, resource efficiency and ecoinnovation. The environmental impact of 
EU consumption is assessed adopting two sets of life cycle-based indicators: the 
Consumption footprint and the Consumer footprint, which have a complementary role in 
assessing impacts (Box 2). 
The Consumer footprint adopts a bottom-up approach, aiming at assessing the potential 
environmental impact of EU consumption in relation to the impacts of representative 
products. In fact, the Consumer footprint is based on the results of the life cycle 
assessment (LCA) of more than 100 representative products purchased and used in one 
year by an EU citizen. The Consumer footprint allow assessing environmental impacts along 
each step of the products life cycle (raw material extraction, production, use phase, re-
use/recycling and disposal).  
For the calculation of the Consumer footprint, the consumption of European citizens is split 
into five key areas (food, housing, mobility, household goods and appliances). For each 
area, a respective Basket of representative Products (BoP) has been built based on 
statistics on consumption and stock of products. For each of the five BoPs, a baseline 
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scenario has been calculated, taking as reference the consumption of an average EU 
citizen. 
This report focuses on the BoP mobility, which is one of the 5 key areas of consumption 
identified. 
The developed LCAs are in line with the International Life Cycle Data system (ILCD) 
guidelines and follow, to the extent it is possible and relevant, the environmental footprint 
methods as published in the Communication "Building the Single Market for Green 
Products" (EC, 2013a). The quality of the models has been ensured by periodical 
consistency checks and model refinements. In order to allow for periodical updates, the 
models has been built with a parametric approach. Hence, for example, the amount and 
structure of consumption could be updated to more recent reference years using data on 
apparent consumption (i.e. BoP composition and relative relevance of representative 
products) taken from Eurostat. 
The baseline models allow identifying the environmental hotspots along the products 
lifecycle and within the consumption area of each specific BoP. The results of the hotspot 
analysis are, then, used as a basis for the selection of actions towards environmental 
burden reduction, covering shifts in consumption patterns, behavioural changes, 
implementation of eco-solutions, or a combination of the previous ones. For each of the 
actions, a scenario has been developed, by acting on the baseline model and simulating 
the changes associated to the specific intervention. The LCA results of each scenario are 
then compared to the results of the baseline, to identify potential benefits or impacts 
coming from the implementation of the solution tested, as well as to unveil possible trade-
offs. 
Complementary to the Consumer Footprint is also developed by JRC the Consumption 
footprint indicator. The consumption footprint is basically a top-down approach, aiming at 
assessing the potential environmental impact of EU apparent consumption, accounting for 
both domestic impacts (production and consumption at country level with a territorial 
approach) and trade- related impacts. The impacts are assigned to the country where the 
final consumer is located. An overview of the two developed indicators (Consumer and 
Consumption footprint) is presented in Box1. As mentioned above this report focuses on 
the Consumer footprint indicator and in particular to the Consumer footprint Basket-of-
product indicator for mobility. 
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Box 2 Overview of the life cycle-based indicators for assessing the impacts of EU consumption 
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2 Environmental impacts of mobility 
The transport sector has been identified as one of the sectors with highest environmental 
impacts, as it accounted for 31% of the final energy consumption in the EU27 in 2010 
(Eurostat, 2014a) (Figure 1) and it is putting increasing pressure on the environment over 
time. Transportation is responsible for around a quarter of the EU's greenhouse gas 
emissions and it is the second largest sector after energy production. However, while 
emissions from other sectors are generally decreasing, those from transportation have 
increased since 1990. The World Energy Outlook (IEA, 2016) states that the transport 
sector will remain the main driver of global oil demand. Despite the decrease of emissions 
started in 2007, the mobility sector remains highly relevant compared to the others (Figure 
2).  
Figure 1. EU27 energy use by the transport sector in comparison with the total final energy 
consumption and disaggregated by mode of transport (Eurostat, 2014a) 
 
According to a summary of key facts about mobility in Europe, published by the European 
Environmental Agency in 2016 (EEA, 2016), the demand for passenger transport 
(measured in passenger*kilometres) grew by more than 8% between 2000 and 2013 in 
the EU, with flying experiencing the most rapid growth.  
EU citizens travelled approximately 12,850 km per person in 2013 — more than 70% by 
car — representing a 5% increase from 2000. Sales of new passenger cars in the EU 
increased by 9% in 2015 compared to the previous year, with 13.7 million new cars 
registered. Recent data (EEA, 2016) point to a growth in diesel consumption in road 
transport, up from 52% of total road fuel consumption in 2000 to 70% in 2014. Similarly, 
over half of the vehicles sold in Europe are diesel, corresponding to 52% of sales in 2015. 
In 2013, the EU transport sector contributed 13% and 15% of the total PM10 and PM2.5 
primary emissions, respectively. 
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Figure 2. Greenhouse gas (GHG) emissions by sector between 1990 and 2014 (1990=100)1 
 
Source: EEA (2016) 
While exhaust emissions from vehicles have fallen since 1990, reflecting advances in 
vehicle technologies such as particulate filters, in contrast, non-exhaust emissions of 
particulate matter from brake and tyre wear have increased. Currently, these non-exhaust 
sources make up a large fraction of total vehicle particulate matter emissions — around 
half of PM10 and a third of PM2.5 emissions (EEA, 2016).  
Statistics about transports confirm that transport rates are annually growing for both 
passenger (about +1.8% between 2013 and 2014) and freight transport (+1.1% between 
2013 and 2014) (EC, 2016a). Passenger cars accounted for 72.3% of the passenger 
transport in 2014, which corresponds to about 9,500 km per person. Focusing on other 
passenger mobility products between 1995 and 2014 (Figure 3), it is observed that in the 
last years, the railway, tram and metro slightly increased, and the air transport almost 
doubled (EC, 2016a). 
Examples of measures to support Europe's transition to a low-carbon economy in the 
mobility sector are the increase of the transport system efficiency, speeding up the 
deployment of low-emission alternative energy and the development of zero-emission 
vehicles1. The European Commission White Paper on Transport (EC, 2011a) sets a goal of 
reducing CO2 emissions from transport by at least 60% by 2050 from 1990 levels. Reducing 
the impact of transportation is necessary particularly for passenger cars, which contribute 
to about 20% of the EU's total emissions of CO2 (EEA, 2015). Since vehicle usage is 
characterized by the largest CO2 production due to the fuel burning in the internal 
combustion engines, a list of measures to reduce emissions in this phase should be taken.  
  
                                           
1 https://ec.europa.eu/clima/policies/transport_en 
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Figure 3. Evolution of passenger mobility by mobility product between 1990 and 2014 (EC, 2016a) 
 
Source: Statistical Pocketbook 2016 (EC, 2016a) 
Life cycle assessment has been largely applied to evaluate the environmental profile of 
alternative transportation fuels (e.g. Kazamia and Smith, 2014, Cavalett et al., 2013) or 
alternative transportation means and technologies. For instance, Singh and Strømman, 
2013 and Choma and Ugaya, 2017, run LCA on electrification of the car fleet, Lewis, 2013 
and Cox et al., 2018 assessed air transport and Del Pero et al., 2015 applied LCA to the 
rail sector. Only few studies have attempted to estimate the environmental impacts 
associated to passenger mobility while considering several transportation modes. Examples 
of such studies are the ones performed for the UK (Brand, 2012), Nepal (Malla, 2014), 
California (Chester and Horvath, 2012) and Luxembourg (Florent and Benetto, 2015). In 
the study by Brand (2012), a transport–energy–environment model of the UK was 
developed to perform “what-if” type policy analyses and assess low carbon strategy 
development for the medium- and long-term. In the study by Malla (2014), the current 
level of mobility demand and associated energy consumption and emissions for Kathmandu 
and Nepal were estimated using an activity-structure-intensity-fuel (ASIF) framework, 
considering only road and air transport. The potential use of high-speed rail with emerging 
automobiles and aircraft to reduce the environmental impacts in California’s future have 
also been analysed (Chester and Horvath, 2012). Florent and Benetto (2015) applied 
agent-based modelling to model the fleet and its use in Luxembourg, and combine it with 
consequential LCA. The agent-based model simulates the car market (sales, use, and 
dismantling) in the period 2013–2020, following the implementation of different mobility 
policies and available electric vehicles. Therefore, the model is able to assess the potential 
effects of mobility policies in Luxembourg. The BoP mobility assesses the impact of 
passenger mobility in Europe (including road, rail and air transport), through a model of 
the European transport fleet and related intensity of use. The aim is to define a baseline 
scenario, modelled through a selection of representative means of transport and the 
kilometres travelled by European citizens, as a reference for evaluating the potential 
improvements coming from eco-innovation and behavioural changes in the mobility sector. 
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3 Basket model 
In order to comprehensively assess the impact of consumption at EU level, in 2012 the 
European Commission’s Joint Research Centre developed a lifecycle-based methodology 
that focuses on specific representative products which are then up-scaled to overall EU 
consumption figures, named the Basket of Products (BoP) indicators (EC-JRC, 2012). The 
project (called LC-IND) focused on indicators that measure the environmental impact of 
the consumption of products by the average European citizen, focusing on housing, food 
and transport, via the identification and environmental assessment of the most 
representative products of each category (basket of products). The initial BoPs developed 
in the LC-IND projects were revised extensively in the context of LC-IND2 project, to 
improve the quality of the models and to allow for a better assessment of the scenarios 
based on circular economy principles. 
This section describes the scope and the structure of the subset indicator of the consumer 
footprint of the basket of product (BoP) on mobility. The Life Cycle Inventory (LCI) covered 
under the BoP on mobility is included in this report. The aim of this section is to enable the 
reader to understand how the BoP is modelled, to better interpret the results and, 
ultimately, to replicate the exercise.  
3.1 Description of the BoP mobility 
The main scope of the BoP on mobility is to assess the average environmental impact per 
EU citizen associated to the category of consumption “mobility” and to provide 
recommendations for the way forward (including the analysis of existing eco-innovation 
strategies and targets in the mobility sector). 
This section illustrates the work done for the BoP mobility, building on the work done by 
Paulo Ferrão, André Pina and Patrícia Baptista in the previous AA (LC-IND). The existing 
baselines for the BoPs food, housing and mobility were extensively revised in the context 
of LCIND2 project, to improve the quality of the models and to allow for a better 
assessment of the scenarios based on circular economy principles.  
The definition and characterization of the mobility sector was performed for EU27 countries 
in order to assess the environmental impacts of the EU27 passenger mobility 
representative basket of products (BoP mobility) for the reference year 2010. This section 
comprises a definition of the BoP (including a quantification of the total vehicles fleet), the 
level of use and the energy consumption associated to that use. 
As mentioned before, the main driver of the transport sector is road transport, with 
approximately 82%, followed by aviation with 14%, and rail (including subway and trams) 
with 2%. The sub-sector of maritime passenger transport is responsible for a small part of 
the total energy consumption (≈1%) and, consequently, it is responsible for little 
environmental impacts. Additionally, it has a small passenger transport contribution 
(≈0.4%, Figure 4a), since it is mainly used for goods transport, contributing with 18% 
stake in the freight transported (Figure 4b). For these reasons, in the analysis of 
passenger’s mobility done for the modelling of the basket of products, the maritime sub-
sector was not considered. Additionally, due to their low environmental impacts, activities 
such as walking and cycling were also excluded from this analysis. 
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Figure 4. a) EU27 passenger split per transport mode in 2010, and b) EU27 distribution of goods 
transport (based in ton of freight transported) per transport mode in 2010 (Eurostat, 2014b) 
a) b)  
The main sub-sectors related to passenger mobility are road, rail and air transport. The 
BoP mobility considers two major groups of products: private road transport, which 
consists of private transportation modes such as passenger cars and two wheelers, and 
mass transit, which consists of shared passenger transport services available to the general 
public including buses, rail and air. 
The  basket of products considers 68 mobility sub-products (SP) (Figure 5), including 36 
vehicle categories for passenger cars (accounting for 6 vehicle categories sub-divided 
combined with 5 Euro standards & Conventional), 12 categories for 2W, 15 categories for 
buses, 2 categories for rail transport (electric and other energy sources) and 3 categories 
for air transport (national, intra-EU and extra-EU flights). 
The details on the considered fleet for road, rail and air transport are presented in the 
Annex 1, 2 and 3, respectively. 
To assess the use of each transport mode, the mobility service provided by each SP is 
quantified through an estimation of their level of service (Figure 6). In the case of mobility 
this is translated in kilometers travelled and, more importantly, in number of passengers 
transported (based on average occupancy factors, taken from: Eurostat, 2014b; ecoinvent 
v3, 2014; and Spielmann et al 2007 as presented in Table 1), which is reflected in a 
passenger*kilometers analysis.  
Different type of usage conditions of each mobility product were considered for each EU 
country and the total level of service for the EU27 was obtained from the sum of all 
countries. The detailed analysis of vehicle-km and passenger-km for road, rail and air 
mobility are included in Annex 4, 5 and 6, respectively. 
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Figure 5. Fleet composition disaggregation for the basket of products mobility 
 
Table 1. Average EU27 occupancy factors for each vehicle category considered, in 2010 
Vehicle category 
Average occupancy 
factor 
Reference 
Passenger cars 1.57 Eurostat, 2014b 
2W 1.10 ecoinvent, 2013 
Buses 14 Spielmann et al., 2007 
Coaches 21 Spielmann et al., 2007 
Trains 114 Eurostat, 2014b 
Aircrafts - National 100 Eurostat, 2014b 
Aircrafts – Intra-EU 137 Eurostat, 2014b 
Aircrafts – Extra-EU* 178 Eurostat, 2014b 
 
  
Fleet composition
Road transport
Rail transport
Air transport
Light duty vehicles
Buses
Two wheelers
Diesel <2l
LPG
Diesel Urban buses
CNG Urban buses
Mopeds 2-stroke
68 Types of aircrafts
Railcars
Locomotives
Electric
Diesel
Electric
Diesel
Steam
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Diesel Coaches
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2, 3, 4 and 5
Conventional, Euros 
1, 2 and 3
Conventional, Euros 
1, 2, and 3
Conventional, Euros 
1, 2, and 3
Gasoline <1.4l
Gasoline 1.4l - 2l
Gasoline >2l
Diesel >2l
Motorcycles <250cm3
Motorcycles >250cm3
Private 
transport
Mass 
transit
Current approach
Analysis per country
Aircraft type 1
Aircraft type 68
...
National flights
Intra-EU flights
Extra-EU flights
Electric
Other
12 
Figure 6. Level of service disaggregation for road, rail and air transport 
 
The data sources used for the estimation of the level of service are presented in Table 2. 
The major data gaps are due to lack of information for some countries, with high variability 
in the number of countries characterized in each variable. Furthermore, data uncertainties 
on the road transportation sector, particularly concerning the number of vehicle-km (vkm) 
travelled in each country, are very significant due to the share of private transportation in 
overall mobility. Regarding the air transport, the main uncertainty is related with the 
number of vkm travelled in each flight type in each country. 
Table 2. Data sources for the mobility basket of products 
Based on the analyses illustrated before, a selection of 27 sub-products was made, to 
represent the fleet composition in Europe in 2010 (Table 3). The disaggregation of mobility 
Level of service
Road transport
Rail transport
Air transport
Driving conditions, 
vkm and average 
speed
Average occupancy 
factors
Highway
Rural
Urban
National flights
Train kilometers
Passenger 
kilometers
EU flights
Analysis per country
Extra EU flights
68 Types of aircraft 
models
Distance travelled 
and occupancy 
factors
Current approach
Product 
group 
Representative 
product(s) 
Representative dataset 
Road 
Passenger cars Number of vehicles per country per fuel type 
and engine displacement, pkm per vehicle 
type, vkm travelled per vehicle type and type 
of road, occupancy factors (Eurostat, 2015), 
vehicles average efficiencies (Gkatzoflias et 
al., 2014) 
Two wheelers 
Buses 
Rail Trains 
Number of vehicles per country, vkm travelled 
per vehicle type, pkm travelled per vehicle 
type, passengers transported, rail energy 
consumption (Eurostat, 2015) 
Air Flight type 
Number of vehicles per country, number of 
flights per flight type and aircraft model, 
passengers transported, aircrafts fuel 
consumption (EEA, 2013) 
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products into sub-products is based mainly on the disaggregation available in input data 
sources (e.g. Eurostat) and on the relevance of the sub-products (e.g. for the types of air 
flights). 
Table 3. Mobility sub-products included in the BoP 
Products Code Sub-products in Use stage 
Sub-products in 
Production stage 
Road 
transport 
Passenger 
Cars 
SP 1 
Gasoline <1.4 L 
Conventional, 
Euro 1, 2, 3 
Passenger car 
Glider + Internal 
combustion engine 
 
SP 2 Gasoline <1.4 L Euro 4 
SP 3 Gasoline <1.4 L Euro 5 
SP 4 Gasoline 1.4 - 2.0 L 
Conventional, 
Euro 1, 2, 3 
SP 5 Gasoline 1.4 - 2.0 L Euro 4 
SP 6 Gasoline 1.4 - 2.0 L Euro 5 
SP 7 Gasoline >2.0 L 
Conventional, 
Euro 1, 2, 3 
SP 8 Gasoline >2.0 L Euro 4 
SP 9 Gasoline >2.0 L Euro 5 
SP 10 Diesel 1.4 - 2.0 L  
Conventional, 
Euro 1, 2, 3 
SP 11 Diesel 1.4 - 2.0 L Euro 4 
SP 12 Diesel 1,4 - 2.0 L Euro 5 
SP 13 Diesel >2.0 L 
Conventional, 
Euro 1, 2, 3 
SP 14 Diesel >2.0 L Euro 4 
SP 15 Diesel >2.0 L Euro 5 
SP 16 LPG 
Conventional, 
Euro 1, 2, 3, 4, 5 
2W 
SP 17 Mopeds <50 cm³ 
Conventional, 
Euro 1, 2, 3 Motor scooter 
50 cm3 (RER) + 
Motor scooter 
50 cm3 (ROW) 
SP 18 
Motorcycles <250 
cm³ 
Conventional 
SP 19 
Motorcycles >250 
cm³ 
Conventional, 
Euro 1, 2, 3 
Buses 
SP 20 
Urban Buses 
Standard 15 - 18 t 
Conventional, 
Euro 1, 2, 3, 4, 5 
Bus (RER) + Bus 
(ROW) SP 21 
Coaches Standard 
<=18 t 
Conventional, 
Euro 1, 2, 3, 4, 5 
SP 22 Urban CNG Buses Euro 1, 2, 3 
Rail transport 
SP 23 Electric 
Train passenger 
long distance 
SP 24 Diesel  
Air transport 
SP 25 National flights Medium haul 
aircraft (RER) + 
Medium haul 
aircraft (ROW) 
SP 26 Intra-EU flights 
SP 27 Extra-EU flights 
Long haul aircraft 
(RER) + Long haul 
aircraft (ROW) 
The main input for the quantification of the annual impacts of the mobility products are the 
vehicle-kilometres travelled for the road transport sector for each of the vehicle categories 
considered or passenger-kilometres travelled for rail and air transport, as it is presented 
in Table 4.  
14 
The development of the process-based life-cycle inventory models and the emissions 
inventory was performed using the ecoinvent 3 database v. 3.2, using allocation default, 
unit processes. The ecoinvent 3.2 datasets and related modifications applied are described 
in detailed in the following sections. 
Table 4. Mobility needs inputs for each of the vehicle categories considered in the basket of 
products 
Mobility sub-product 
Vehicle-
kms 
(million) 
Ratio of 
total kms 
travelled 
by car 
(%) 
Passenger-
kilometres 
(million) 
Road 
transport 
Passenger 
cars 
Gasoline 
SP1 588,267 19.6% - 
SP 2 112,794 3.8% - 
SP 3 74,617 2.5% - 
SP 4 530,852 17.7% - 
SP 5 101,344 3.4% - 
SP 6 67,043 2.2% - 
SP 7 97,936 3.3% - 
SP 8 18,762 0.6% - 
SP 9 12,412 0.4% - 
Diesel 
SP 10 816,541 27.2% - 
SP 11 155,884 5.2% - 
SP 12 103,123 3.4% - 
SP 13 207,188 6.9% - 
SP 14 39,554 1.3% - 
SP 15 26,166 0.9% - 
LPG SP 16 48,971 1.6% - 
2W 
SP 17 48,168  - 
SP 18 22,440  - 
SP 19 44,377  - 
Buses 
SP 20 24,971  - 
SP 21 2,288  - 
SP 22 2,288  - 
Rail transport 
SP23 -  286,014 
SP24 -  114,581 
Air transport 
SP25 -  121,434 
SP26 -  726,695 
SP27 -  1862,897 
Total 3,145,985  2,180,173 
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4 Life Cycle Inventory of the BoP 
LCA for the selected products was developed by categorizing the mobility products and 
attributing them the most adequate assumptions. The LCA software used in this work was 
SimaPro 8.03.14. The processes available in the ecoinvent 3 database (version 3.2), within 
SimaPro, were adapted and adjusted in order to best represent the conditions of the 
European fleet in 2010. These modifications were made to enable a more detailed 
modelling of the variety of vehicle with different weights and efficiencies, reflecting the 
different ages, driving contexts and speed profiles of each mobility product.  
The life-cycle stages considered were vehicle production, infrastructure, fuel production, 
vehicle usage, vehicle maintenance and end of life (EoL), as presented in Figure 7. The 
system boundaries of the supply chains for vehicle production, infrastructure and End-of-
life are considered at a world level. For all stages, the relevant raw materials extraction, 
processing and transportation processes were included. 
Figure 7. Life-cycle stages of the BoP Mobility  
 
4.1 Key assumptions for building the LCI of the BoP mobility 
A number of assumptions were needed for the definition of the BoP mobility. For example, 
the occupancy factors for the different transport modes in the road sub-sector presented 
in Table 1 were assumed to be the same for all EU27 countries.  
More specifically, for the road transport, the main aspects considered were: 
● No engine displacement disaggregation was considered for Liquefied Petroleum Gas 
(LPG) vehicles (i.e. all the LPG vehicles are assumed to have the same size);  
● The vehicle fleet distribution according to the Euro standards for passenger cars 
and buses was calculated based on the Eurostat age distribution categories (less 
than 2 years, 2 to 5 years, 5 to 10 years, more than 10 years) and adapted to 
include the Euro standard implementation years. For the two-wheelers, since no 
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EU27 data was available, the Portuguese 2W age distribution was used 
(Autoinforma, 2014); 
● The bus and coach category was represented by standard 12-meter buses; 
● The distribution of buses between urban buses and coaches was based on the 
vehicle-kilometres travelled in urban and rural contexts (assumed for urban buses) 
versus highway conditions (assumed for coaches), provided by Eurostat (Eurostat, 
2015). This results in an average distribution of 90% urban bus to 10% coach; 
● Coaches were attributed with the kilometres performed in highways condition while 
urban buses were considered to drive in urban and rural conditions; and 
● Any missing information of a specific country was estimated based on the 
assumption that it would have a similar behaviour as comparable countries. 
When analysing the rail transport, the following assumptions were made: 
● Variables without an attributed value in 2010 were given the existing value in the 
closest year; 
● Countries without any data on the partition between passenger-train-kilometres and 
freight-train-kilometres by fuel type were assumed to have the same normalized 
characteristics than countries with similar energy consumption per train and 
passenger-kilometre. For instance, when the disaggregation between electricity and 
diesel fuel use was not available, it was assumed that Portugal would have a similar 
share of electricity and diesel for rail passenger transportation than Spain, and that 
Luxembourg would be similar to Belgium; 
● Despite the high disaggregation on fleet composition, due to the limited data 
available for the characterization of the passenger*kilometres and energy use, the 
rail transportation was considered to have two aggregate vehicle categories: electric 
trains and other trains (almost exclusively diesel); and 
● Given that only 12 countries had data available on the number of vehicle-kilometres 
travelled for passenger transport (vkmp) for the year 2010, an estimation was 
performed for the rest of the countries based on data from other years and energy 
consumption data (calculating average vehicle efficiencies for years with all data 
available and using the 2010 data for energy consumption in rail transport). 
Finally, for air transport it was necessary to consider that: 
● The existing datasets did not have data for the year 2010, and as such the number 
of flights by aircraft model is based on data from 2011; 
● The vkmp were estimated based on the number of flights performed in each 
country, by flight type, and assuming average distances travelled based on the size 
of each country, the size of Europe and considering the average flight distance 
declared by oneworld, Star Alliance and SkyTeam (EC, 2011b). The average 
distance for intra-EU flights and extra-EU flights was assumed to be the same for 
all countries; and 
● The average occupancy factors of each flight type were estimated for each country 
based on the data of passengers transported and number of flights. 
Table 5 presents a summary of the representative products and the assumptions 
considered. The modelling of each phase is then described in details in the following 
sections.
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Table 5. Summary of main assumptions for the life cycle inventory of representative products 
Representative 
product 
Vehicle 
Production 
Infrastructure Vehicle usage Fuel production  
Vehicle 
maintenance 
End of life 
Passenger cars 
Based on averages 
over passenger 
car technologies 
spanning from 
2000 to 2010, for 
vehicles of 1234 
kg for gasoline 
and 1314 kg for 
diesel. Considers 
the vehicle 
factory. Based on data from 
the ecoinvent 
database (referred 
to Swiss motorways 
and Class 1, 2 & 3 
roads). A value of 
5.37E-04 m*y per 
gross ton vehicle 
km was applied. 
Energy consumption 
estimated for 
Conventional (Euro 
0) and Euro 1 to 5, 
based on country 
level fleet 
composition, 
average driving 
conditions. 
Emissions estimated 
for Euro 3, 4 and 5 
per vkm. Emissions 
for Conventional 
and Euro 1 and 2 
were estimated as 
Euro 3. 
Modeling of all 
fuel production 
chain. For diesel, 
6% (weight) 
incorporation of 
biodiesel was 
considered. 
Data are based 
on an LCI 
analysis of 
standard car 
(Golf A4, 1240 
kg). The dataset 
was scaled to 
match the mass 
of the vehicle 
fulfilling the 
transport 
service. 
Considers the 
vehicle 
dismantling 
and the reuse, 
recycling, 
recovery and 
landfill of the 
materials 
(based on 
Eurostat, 
2014b).  
Two-wheelers 
50 cm3 scooter 
containing an 
internal 
combustion 
engine. Data for 
manufacturing in 
Asia and retail in 
Europe. 
Data based on a 
50cm3 scooter 
with a weight of 
90kg. 
Buses 
Manufacturing 
data for one 
average lorry with 
a net weight 
11000 kg taken 
from one 
production site in 
Germany. 
Data for an 
average bus as 
in the ecoinvent 
database (based 
on Swiss 
conditions). 
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Rail 
Based on the "IC 
2000" long-
distance train 
from Switzerland, 
with a life span of 
40 years and a 
lifetime 
performance of 
2*107 vkm. 
Based on average 
conditions in 
Switzerland and 
specific conditions 
in Germany. 
Emissions estimated 
for electric and 
other trains per 
pkm assuming 0.49 
MJ/pkm for electric 
trains and 0.82 
MJ/pkm for other 
trains. Other trains 
assumed to use 
only diesel. 
Modeling of all 
fuel production 
chain. For 
electricity, the 
mix was 
calculated based 
on 22 EU 
countries. 
Data represents 
train 
maintenance in 
Switzerland. 
Air 
Production of 
medium haul 
aircraft, based on 
an "Airbus A 320" 
with a maximum 
zero fuel weight of 
61 t and a typical 
seating of 150 
seats, and of a 
long haul aircraft, 
based on an 
"Airbus A340-600" 
with 240 t 
maximum zero 
fuel weight and a 
typical seating of 
380 seats. Data 
from 16 
production site in 
Germany, France, 
Spain and the UK. 
Data refers to the 
conditions at the 
Zurich airport in 
Switzerland. 
Energy consumption 
estimated per 
country based on 
number of flights 
and flight type per 
aircraft model, 
average distances 
per flight type and 
the EMEP-
inventory-
guidebook 
methodology for 
energy consumption 
in air transport 
(EEA, 2013). 
Emissions estimated 
per pkm for 75 
aircraft models and 
flight types and 
distances.   
Modeling of all 
fuel production 
chain. 
Data not 
available. 
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4.2 LCI of vehicle production 
In terms of Vehicle Production the following considerations were taken into account: 
— Road (Passenger cars): These datasets represent the production of a petrol and of 
a diesel passenger car of compact size. The entries are based on a per kg basis. The 
model is based on averages over passenger cars technologies spanning from 2000 to 
2010 and is estimated for a vehicle of about 1234 kg for gasoline and 1314 kg for 
diesel. It is subdivided in two modules, the glider and the drivetrain. Each module 
contains the specific material needs, production efforts and emissions. The vehicle 
production includes the impacts of the vehicle production factory. For passenger cars 
production, weight correction factors were applied for engine displacement differences 
in sub-products (proxy for vehicle size). The assumed material composition for 
passenger cars consists mainly of steel and aluminium, as presented in Table 6. 
— Road (2W): The 50 cm3 scooter dataset includes all processes and materials for 
scooter manufacturing (including energy consumption and emissions), containing an 
Internal Combustion Engine (ICE) motor. Transport to regional storage included. Data 
for manufacturing in Asia and retail in Europe. The assumed material composition for 
2W consists mainly of steel, polyethylene (PE) and aluminium, as presented in Table 6. 
— Road (Buses): The bus dataset represents the production of one bus (material 
composition, energy consumption and emissions of the manufacturing). Vehicle 
manufacturing data are taken from one production site in Germany. It includes the 
material used for the production, the energy consumption for vehicle production, the 
water consumption, the airborne emissions and the emissions to water. The assumed 
material composition for buses consists mainly of steel, aluminium, as presented in 
Table 6. 
— Rail: The ecoinvent dataset for train manufacturing is derived from an assessment of 
the "IC 2000", a long-distance train that is currently used for long distance 
transportation in Switzerland. The life span of the train is assumed to be 40 years 
resulting in a life time performance of 20,000,000 vkm. For manufacturing, electricity 
and light oil burned in industrial furnace are included. For the transportation of 
materials, average distances for each type of raw material, as assumed in the ecoinvent 
database, are applied. The assumed material composition for trains consists mainly of 
aluminium, PE and steel, as presented in Table 6. 
— Air: The datasets consider the production of a medium haul aircraft, based on an 
"Airbus A 320" with a maximum zero fuel weight2 of 61 t and a typical seating of 150 
seats, and the production of a long haul aircraft, based on an "Airbus A340-600" with 
240 t max zero fuel weight and a typical seating of 380 seats. It includes material 
consumption (aluminium and polyethylene), energy consumption (natural gas, 
electricity and light fuel oil), water consumption, treatment of sewage and Non-
Methane Volatile Organic Compounds (NMVOCs) emissions. The vehicle manufacturing 
data are taken from 16 production site in Germany, France, Spain and the UK. The 
assumed material composition for aircrafts consists mainly of aluminium, as presented 
in Table 6. 
  
                                           
(2)  The zero fuel weight of an aircraft is the total weight of the airplane and all its contents, minus the total 
weight of the usable fuel on board. 
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Table 6. Material composition of each vehicle type modelled in Simapro (percentage) 
Material type 
Passenger 
Cars 
2W Buses Train Aircraft 
Aluminium 12.02 12.50 14.78 51.50 90 
Copper 0.49 0.73 0.96 3.21 - 
Brass - - 0.03 - - 
Chromium - 0.17 - - - 
Lead 
concentrate 1.06 0.94 0.80 - - 
Magnesium 0.05 - - - - 
Nickel  0.00 0.10 - - - 
Glass 2.33 0 4.34 3.06 0 
PE 2.13 16.45 4.90 24.78 10 
PET 0.11 - - - - 
PP 3.64 7.90 - - - 
PVC 0.71 2.58 - - - 
Steel and iron 67.57 55.03 66.40 17.45 - 
Mineral oil 0.63 - 0.71 - - 
Plastic Mixture 2.21 - - - - 
Polyurethane 2.23 - - - - 
Rubber 3.46 3.17 3.58 - - 
Textile 1.27 - 3.51 - - 
Zinc 0.10 0.42 - - - 
4.3 LCI of Infrastructure production 
The Infrastructure Production components considered are described below: 
— Road: The considered dataset represents the interventions associated with the 
provision of road, tunnel and bridge infrastructures, the renewal of different road layers 
and eventual road disposal. All environmental impacts refer to one meter and year 
(m*a). Road provision (i.e. road use allocated to each vehicle) is modelled as a constant 
renewal rather than as a one-time expenditure and EoL, and is assumed to be directly 
related to gross vehicle weight (vehicle plus load). The ecoinvent dataset used in the 
model is based on a modelling of Swiss motorways and Class 1, 2 & 3 roads. The 
operation and maintenance of roads then refers to aspects of lighting, weed control, 
line marking, etc. rather than the replacement and repair of road sections and is 
therefore directly related to km use. Operation and maintenance are not considered in 
this road construction dataset. 
— Rail: The inventory includes construction of the rail track (track bedding, substructures, 
and catenary system) as well as the construction of tunnels and bridges, based on 
average conditions in Switzerland and specific conditions in Germany3. Further 
components of rail track infrastructure, such as signaling infrastructure, train 
overtaking stations, sound insulation walls and buildings (stations, service garages) are 
not included. Land use is not considered, but accounted for in the maintenance and 
operation, railway track. For the maintenance and land use, the inventory includes the 
energy consumption required for the operation of the rail track as well as the operation 
of tunnels. The use and emissions to soil of herbicides (weed control) and lubricates 
(point maintenance) are taken into account. Land transformation and occupation are 
accounted for. Disposal is included. 
— Air: The ecoinvent dataset used for the model includes construction, maintenance and 
land use and disposal of airport infrastructure based on the conditions at Zurich airport 
in Switzerland. It includes material consumption for the construction (concrete, gravel 
                                           
3 While the conditions in Switzerland and Germany might not be representative of all EU27 countries, the dataset available was used 
due to data constraints. 
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and reinforcing steel), energy consumption (diesel and electricity) for construction, 
excavation, construction of the building, land transformation and occupation, energy 
consumption (electricity, natural gas, light fuel oil, diesel and petrol) for maintenance 
and operation, consumption of propylene glycol and ethylene glycol for de-icing of 
aircrafts and sealed area, the water consumption (tap water), emissions to air (carbon 
dioxide, carbon monoxide, NMVOC and nitrogen oxides), emissions to water (BOD5, 
DOC, TOC and COD) and treatment of sewage. 
4.4 LCI of fuel production 
In terms of the Fuel Production the following assumptions were considered: 
— For all fossil fuel products, the inventory for the distribution of petroleum products to 
the final consumer including all necessary transports was considered. Transportation of 
the product from the refinery to the end user is considered, as well as the operation of 
storage tanks and petrol stations. Emissions from evaporation and treatment of 
effluents are included. 
— For diesel, a 6% (weight) incorporation of biodiesel is considered, as result of the EU 
directives on biofules (EC, 2003 and EC, 2009a), except for rail transport which 
considers only diesel. Biodiesel using rape oil as feedstock is considered. The process 
includes the esterification process of oil to methyl ester and glycerin, intermediate 
storage of the oil and products, treatment of specific wastewater effluents. System 
boundary is at the esterification plant. The typical rape oil esterification plant is 
designed for rape methyl ester (RME) production (for use in the vehicle fuels market). 
— For electricity, the average EU27 mix is calculated based on the share of electricity 
produced in each country, estimated from Eurostat. Due to a lack of data for some EU 
countries (Cyprus, Estonia, Latvia, Lithuania and Malta), the mix was calculated using 
only the other countries which account for 99% of the electricity produced in the EU27. 
The electricity production in each country includes the transmission network, direct 
emissions to air (ozone and N2O), electricity losses during transmission and losses 
during transformation. 
— For certain specific vehicles, the following fuels are used: for vehicle SP 16, Liquefied 
petroleum gas (Europe without Switzerland); for SP22, Natural gas, high pressure 
(Europe without Switzerland); and for air vehicles (SP25 – SP27), kerosene (Europe 
without Switzerland). 
4.5 LCI of use phase (vehicle usage) 
As for the Vehicle Usage, the assumptions made are presented below. 
— Road: The vehicle usage stage includes the emission factors for tailpipe emissions as 
well as the road, tyre and brake wear emissions. Since the ecoinvent 3 database 
available in Simapro only presented the environmental impacts for the Euro Standards 
3, 4 and 5 of each vehicle sub-group, the Conventional, Euro 1, 2 and 3 products were 
aggregated and simulated by the Euro 3 dataset. For the calculation of road, tires and 
brake wear emissions of BUS vehicles (SP20 – SP23) data from EEA (2013) (Tier 
1.A.3.B.vi and vii) were used considering the bus as a heavy duty vehicle being its 
gross vehicle weight 33,200 kg. 
— Rail: The vehicle usage includes particulate emissions due to abrasion of rail tracks, 
wheels, brakes and overhead contact line, as well as emission of sulphur hexafluoride 
(SF6) occurring during conversion at traction substations. 
— Air: The vehicle usage includes the consumption of fuel, airborne gaseous emissions, 
particulate emissions and heavy metal emissions. 
The energy consumption of each sub-product of the BoP mobility was estimated using 
international reference methodologies or data sources, as explained below.  
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— For the road transport, a Tier 3 energy consumption calculation based on COPERT 
(Gkatzoflias et al., 2014) and EMEP-inventory-guidebook methodology (EEA, 2013) was 
performed, taking into account weather conditions, type of road (urban, rural, highway) 
and average speed. COPERT 4 is based on the MEET methodology (Hickman, 1999), 
that establishes a framework for the calculation of energy consumption and emissions 
of different vehicle technologies. It was defined within the EMEP/CORINAIR Emission 
Inventory Guidebook, developed by the UNECE Task Force on Emissions Inventories 
and Projections (under the UNECE Convention on Long-Range Transboundary Air 
Pollution and the EU directive on national emission ceilings, EC, 2016b).  
— For the rail transport, the energy consumption was estimated from data on the rail sub-
sector from Eurostat statistics (Eurostat, 2015), which include energy consumption by 
energy vector. The estimation of the share of total energy consumption that 
corresponds to passenger transportation in each country was performed based on the 
share of passenger-trains-kilometres from the total train-kilometres.  
— As for the air transport, the energy consumption was estimated based on EMEP-
inventory-guidebook methodology (EEA, 2013) for 75 aircraft models and flight types 
and distances (national, intra-EU, extra-EU). This methodology estimates the fuel 
consumption for each aircraft model in two flight stages: lift and take-off; and climb, 
cruise and descent. The fuel consumption for the first stage is per flight, while the fuel 
consumption in the second stage is per distance travelled. For each country, and 
considering the aircraft models used, the number of flights and average distances in 
each flight category, the total energy consumption for passenger air transportation was 
estimated.  
Starting from these data, the energy consumption of the entire fleet was estimated. All 
analyses were done for each individual country, with the total EU27 energy consumption 
being obtained from the sum of all countries. The EU27 average energy consumption by 
grouped sub-products resulted in: a range 2.3-3.3 MJ/Km for passenger cars; 1.5 MJ/Km 
for two-wheels; 12.1 MJ/Km for buses; 69.8 and 97.8 MJ/Km for respectively electric and 
diesel rail; a range 164.6-202.1 MJ/Km for aviation, as it is presented in Figure 8. This 
energy per kilometre analysis serves as validation of the methodology applied, since the 
obtained values are in accordance with typical literature values (IEA, 2012). Higher values 
are presented for the more energy intensive technologies such as buses and planes when 
compared to passenger cars, 2W and trains. 
Figure 8. Average vehicle efficiency (MJ/km) for the basket of products, in 2010 
 
In order to compare the overall efficiency in the service of transporting passengers, the 
energy per passenger*kilometers analysis was performed. Results span from 0.49 MJ/p-
Km of electric rail up to 2.42 MJ/p-Km for the air transport in national flights (see Figure 
9). When incorporating the occupancy factor (Table 1), rail transport was found to be the 
most efficient followed by buses. 
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Figure 9. Average transport mode efficiency (MJ/pkm) for the basket of products, in 2010 
 
The overall number of vehicle, passenger*kilometres and energy consumption result per 
product are summarized in Table 7. 
Table 7. Summary EU27 fleet composition, passenger*kilometres travelled and energy 
consumption for the year 2010 
Mobility Product 
Number of vehicles 
(million) 
Passenger*
kilometers 
Energy 
consumed (MJ) 
Passenger 
cars 
Gasoline 1.48E+02 2.52E+12 4.88E+12 
Diesel 8.35E+01 2.11E+12 3.55E+12 
LPG 4.77E+00 7.74E+10 1.13E+11 
2W 3.40E+01 1.40E+11 1.85E+11 
Buses and Coaches 8.73E+02 4.18E+11 4.21E+11 
Trains 1.01E-01 4.04E+11 2.33E+11 
Aircrafts  4.22E-03 2.72E+12 4.33E+12 
4.6 LCI of use phase (vehicle maintenance) 
In terms of Vehicle Maintenance, the following considerations were made: 
— Road: The considered dataset represents the service of passenger car maintenance, 
covering the maintenance demands over the complete lifetime of a vehicle. The 
exchanges represent the replacement of regular components and substances such as 
tires, motor oil, coolant and battery. Disposal of these materials is also accounted for. 
Data are based on an LCI analysis of standard car (Golf A4, 1240 kg), an average bus 
with data based on Swiss conditions and a 50 cm3 scooter with 90 kg. The dataset was 
scaled to match the mass of the vehicle fulfilling the transport service.  
— Rail: The maintenance of trains includes expenditures for one major revision as well as 
a regular substitution of brake shoes (40 kg brake shoes/car). Also, the disposal of 
wood, glass and plastics is addressed. Land use and material expenditures due to 
buildings of service garages are not included. The dataset is based on average train 
maintenance in Switzerland. 
— Air: The maintenance of aircrafts was not considered due to lack of data. 
— All: The total impacts are spread along the vehicles lifetime shown in Table 8. 
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Table 8. Vehicle expected lifetime 
Vehicle types 
Vehicle expected 
lifetime (km) 
Data source 
Passenger cars 
Gasoline, LPG 150 000 
Spielmann et al., 2007 
Nemry et al., 2008 
Diesel 220 000 
Spielmann et al., 2007 
Nemry et al., 2008 
2W 50 000 Spielmann et al., 2007 
Buses and Coaches 1 000 000 Spielmann et al., 2007 
Trains 20 000 000 ecoinvent, 2013 
Aircrafts 55 900 000 ecoinvent, 2013 
4.7 LCI of End of Life 
The end of life stage in the BoP is modelled in a way that allows separating the burdens 
and benefits of recycling from the rest of the system, in order to provide a clearer picture 
of their contributions to the total impact. Two systems are identified: “S”, referring to the 
system excluding recycling activities, and “R”, referring to recycling activities. Figure 10 
illustrates the approach followed for the BoPs’ models. 
Figure 10. Illustration of the approach adopted to model EoL as waste treatment and recycling, as 
systems “S” and “R” 
 
The sum of the two, named System “S+R” is the one that allows evaluating in a more 
comprehensive way those aspects that are of interest also in the context of circular 
economy: the additional module “R” quantifies burdens and benefits of activities such as 
recycling and reuse. Details on activities included in each system are provided in Figure 
11. 
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Figure 11. EoL activities included in System S, R and S+R 
 
The assumptions used to model the end of life activities in the BoP mobility are the 
following: 
— For the vehicles EoL, it is considered that all vehicles go through a dismantling process 
that disaggregates it in its different components (aggregated in the material types 
presented in Table 6). As well as for passenger cars production, weight correction 
factors were applied for engine displacement differences in sub-products (proxy for 
vehicle size). The impacts of the dismantling facility are considered only for passenger 
cars and 2W. The materials obtained from the dismantling can be reused, go through 
a recycling or recovery process or be placed in a landfill, as is presented in Figure 12. 
Using this approach, the modelling methodology allows for the accounting of avoided 
impacts through the reuse, recycling and recovery of materials. 
Figure 12. Life-cycle stages considered 
 
 
— For each material type, the shares of materials that go through each of these waste 
processes were considered as presented in Table 9. This waste scenario is based on the 
Advanced Standards of End of Life Vehicles treatment scenario of a reference report 
(GHK and Bio Intelligent Service, 2006). While based on available data for the EoL of 
road vehicles, the same waste scenario was applied to all sub-products of the basket 
of products due to data availability constraints. Nonetheless, this could be improved if 
new data become available. 
  
Vehicle Materials
Dismantling
Reuse
Recycling
Recovery
Landfill
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Table 9. Share of material in each waste process 
Material type Reuse Recycling Recovery Landfill 
Aluminium 10 87.8 0 2.2 
Copper 10 87.8 0 2.2 
Brass 10 87.8 0 2.2 
Chromium 10 87.8 0 2.2 
Lead 
concentrate 10 87.8 0 2.2 
Magnesium 10 87.8 0 2.2 
Nickel  10 87.8 0 2.2 
Glass 3.3 46.7 0 50 
PE 1.7 18.3 10 70 
PET 1.7 18.3 10 70 
PP 1.7 18.3 10 70 
PVC 1.7 18.3 10 70 
Steel and iron 4.8 94 0 1.2 
Mineral oil 0 0 100 0 
Plastic Mixture 1.7 18.3 10 70 
Polyurethane 1.7 18.3 10 70 
Rubber 20 30 50 0 
Textile 0 10 0 90 
Zinc 10 87.8 0 2.2 
— After weighting the waste scenario with the weight of the components in the vehicles 
(Table 6), the total reuse, recycling and recovery rates were obtained for each vehicle 
(Table 10). The total reuse, recycling, recovery and landfill rates obtained for passenger 
cars are in accordance with the Eurostat statistics for 2010 of 87.2% for recovery and 
reuse of cars, which is disaggregated into 83.3% reuse (including recycling) and 3.9% 
recovery (Eurostat, 2014b). These estimates validate the waste scenario considered. 
Furthermore, these values assume the fulfilment of the EU targets of 85% of recovery 
and reuse by 2006 (EC, 2000). For recovery, the lower heating values used for 
lubricating oils, plastics and rubber are 39.3, 33.5 and 25.6 MJ/kg, respectively (GHK, 
2006). An efficiency of 7.7% for electricity and 31.3% for heat is considered for the 
municipal solid waste incineration facility (GHK, 2006). 
 
Table 10. Total reuse, recycling, recovery and landfill rates per vehicle type 
Vehicle type Reuse Recycling Recovery Landfill 
Passenger car 5 80 4 11 
2W 5 71 4 20 
Bus 6 81 3 10 
Train 7 70 3 21 
Aircraft 9 81 1 9 
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5 Results of baseline’s hotspot analysis 
The inventory of the BoP Mobility (reference flow: kms travelled by an average EU-27’s 
citizen in one year) has been characterized using ILCD v. 1.08 (EC-JRC, 2011) (Table 11 
entire basket and 12 per citizen) and normalized using two sets of normalisation factors 
(NFs): ILCD EU-27 NFs (Benini et al., 2014) (results in Table 13) and ILCD Global NFS 
(Sala et al., 2016) (results in Table 14). Impacts of long-term emissions have been 
excluded. Results in Table 11 and Table 12 refer to the systems S, R and S+R, for 
comparison. Results of the hotspot analysis refer only to the System S+R, including 
burdens and credits associated to recycling activities.  
Table 11. Characterized results for the whole BoP mobility baseline (impacts of passenger mobility 
in EU in 2010), using ILCD and excluding long-term emissions.  
Impact category Unit System S+R System S System R 
Climate change kg CO2 eq 1.24E+12 1.34E+12 -9.35E+10 
Ozone depletion kg CFC-11 eq 2.41E+05 2.27E+05 1.34E+04 
Human toxicity, non-cancer 
effects 
CTUh 
1.31E+05 1.41E+05 -1.03E+04 
Human toxicity, cancer 
effects 
CTUh 
1.38E+04 1.61E+04 -2.33E+03 
Particulate matter kg PM2.5 eq 6.53E+08 7.74E+08 -1.20E+08 
Ionizing radiation, effects on 
human health (HH) 
kBq U235 eq 
8.34E+10 8.24E+10 7.69E+08 
Photochemical ozone 
formation 
kg NMVOC eq 
4.97E+09 5.28E+09 -2.83E+08 
Acidification molc H+ eq 5.28E+09 5.93E+09 -6.78E+08 
Terrestrial eutrophication molc N eq 1.59E+10 1.68E+10 -8.34E+08 
Freshwater eutrophication kg P eq 3.88E+07 4.48E+07 -5.93E+06 
Marine eutrophication kg N eq 1.60E+09 1.66E+09 -6.78E+07 
Freshwater ecotoxicity CTUe 1.03E+12 1.06E+12 -3.77E+10 
Land use kg C deficit 7.59E+12 7.54E+12 4.83E+10 
Water resource depletion m3 water eq 1.37E+10 1.69E+10 -3.23E+09 
Resource depletion kg Sb eq 1.56E+08 1.98E+08 -4.19E+07 
Table 12. Characterized results for the FU of the BoP mobility baseline (impacts of mobility of an 
average EU citizen in 2010), using ILCD and excluding long-term emissions.  
Impact category Unit System S+R System S System R 
Climate change kg CO2 eq 2.47E+03 2.66E+03 -1.86E+02 
Ozone depletion kg CFC-11 eq 4.79E-04 4.52E-04 2.66E-05 
Human toxicity, non-cancer 
effects 
CTUh 2.61E-04 2.81E-04 -2.04E-05 
Human toxicity, cancer 
effects 
CTUh 2.75E-05 3.21E-05 -4.64E-06 
Particulate matter kg PM2.5 eq 1.30E+00 1.54E+00 -2.38E-01 
Ionizing radiation, effects on 
human health (HH) 
kBq U235 eq 1.66E+02 1.64E+02 1.53E+00 
Photochemical ozone 
formation 
kg NMVOC eq 9.90E+00 1.05E+01 -5.64E-01 
Acidification molc H+ eq 1.05E+01 1.18E+01 -1.35E+00 
Terrestrial eutrophication molc N eq 3.17E+01 3.34E+01 -1.66E+00 
Freshwater eutrophication kg P eq 7.73E-02 8.91E-02 -1.18E-02 
Marine eutrophication kg N eq 3.18E+00 3.31E+00 -1.35E-01 
Freshwater ecotoxicity CTUe 2.04E+03 2.11E+03 -7.50E+01 
Land use kg C deficit 1.51E+04 1.50E+04 9.62E+01 
Water resource depletion m3 water eq 2.73E+01 3.37E+01 -6.43E+00 
Resource depletion kg Sb eq 3.11E-01 3.94E-01 -8.33E-02 
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Table 13. Normalized results, obtained by applying ILCD EU-27 NFs to the BoP mobility baseline 
Impact category 
System S+R 
Value (tot. 
BoP) 
Value (per 
person) 
% 
Climate change 1.36E+08 1.36E+08 4% 
Ozone depletion 1.11E+07 1.11E+07 0% 
Human toxicity, non-cancer effects 2.46E+08 2.46E+08 7% 
Human toxicity, cancer effects 3.74E+08 3.74E+08 11% 
Particulate matter 1.72E+08 1.72E+08 5% 
Ionizing radiation HH 7.40E+07 7.40E+07 2% 
Photochemical ozone formation 1.57E+08 1.57E+08 5% 
Acidification 1.12E+08 1.12E+08 3% 
Terrestrial eutrophication 9.05E+07 9.05E+07 3% 
Freshwater eutrophication 2.63E+07 2.63E+07 1% 
Marine eutrophication 9.44E+07 9.44E+07 3% 
Freshwater ecotoxicity 1.17E+08 1.17E+08 3% 
Land use 1.02E+08 1.02E+08 3% 
Water resource depletion 1.69E+08 1.69E+08 5% 
Resource depletion 1.55E+09 1.55E+09 45% 
TOTAL 3.43E+09 3.43E+09 100% 
Table 14. Normalized results, obtained by applying ILCD Global NFs to BoP mobility baseline 
Impact category 
System S+R 
Value (tot. 
BoP) 
Value (per 
person) 
% 
Climate change 2.35E-02 3.23E-01 8.2% 
Ozone depletion 1.50E-03 2.05E-02 0.5% 
Human toxicity, non-cancer effects 4.00E-02 5.50E-01 14.0% 
Human toxicity, cancer effects 5.20E-02 7.14E-01 18.1% 
Particulate matter 7.41E-03 1.02E-01 2.6% 
Ionizing radiation HH 4.36E-02 6.00E-01 15.2% 
Photochemical ozone formation 1.77E-02 2.43E-01 6.2% 
Acidification 1.38E-02 1.89E-01 4.8% 
Terrestrial eutrophication 1.30E-02 1.79E-01 4.6% 
Freshwater eutrophication 2.20E-03 3.03E-02 0.8% 
Marine eutrophication 8.19E-03 1.12E-01 2.8% 
Freshwater ecotoxicity 1.26E-02 1.73E-01 4.4% 
Land use 8.59E-03 1.18E-01 3.0% 
Water resource depletion 1.79E-04 2.45E-03 0.1% 
Resource depletion 4.22E-02 5.80E-01 14.7% 
TOTAL 2.87E-01 3.94E+00 100%  
The relative relevance of impact categories varies quite significantly depending on the set 
of normalisation references used. When applying the EU-27 set, resource depletion is by 
far the most important impact category (45%), followed by human toxicity, cancer effects 
(11%) and non-cancer effects (7%). If the global reference is used, the difference among 
impact categories’ relevance is lower. Human toxicity, cancer is still the most contributing 
impact category, but with a lower share (18.1%). Ionising radiation becomes the second 
most relevant impact category (15.2%), followed by resource depletion (14.7%) and 
human toxicity, non-cancer effects (14.0%). It is worthy to note that the contribution of 
toxicity-related impact categories should be further checked when improved impact 
assessment models for toxicity-related impacts would be available. In fact, there are some 
known issues related to the robustness of the impact assessment models for toxicity-
related impacts. According to Zampori et al. (2017), only 50% of the elementary flows 
contributing to toxicity are characterised by the impact assessment models currently 
available. EC-JRC is looking at the improvement of the issues and that limitations of current 
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model and the way forward are discussed in Saouter et al. (2017a and 2017b). As a 
sensitivity analysis, the BoP mobility has been analysed with a revised version of the ILCD 
method (called here “LCIA-LCIND2”), where some impact categories were updated with a 
selection of recent impact assessment models and factors. The updated list of impact 
assessment models used in the LCIA-LCIND2 method is presented in Table 15. Differences 
with ILCD are highlighted in green. Results of characterization and normalization with the 
LCIA-LCIND2 method are presented in Table 16 for the whole BoP mobility baseline and in 
Table 17 for the F.U. of the BoP (impacts of mobility of an average EU citizen in 2010). 
Table 15. Impact categories, models and units of LCIA-LCIND2 impact assessment method 
Impact category Reference model Unit 
Climate change IPCC, 2013  kg CO2 eq 
Ozone depletion 
World Meteorological Organisation 
(WMO), 1999 
kg CFC-11 eq 
Human toxicity, non-cancer USEtox (Rosenbaum et al., 2008) CTUh 
Human toxicity, cancer USEtox (Rosenbaum et al., 2008) CTUh 
Particulate matter Fantke et al., 2016 Deaths 
Ionising radiation, human health Frischknecht et al., 2000 kBq U235 eq 
Photochemical ozone formation, 
human health 
Van Zelm et al., 2008, as applied in 
ReCiPe, 2008 
kg NMVOC eq 
Acidification Posch et al., 2008 molc H+ eq 
Eutrophication, terrestrial Posch et al., 2008 molc N eq 
Eutrophication, freshwater Struijs et al., 20094 kg P eq 
Eutrophication, marine  Struijs et al., 2009 kg N eq 
Ecotoxicity, freshwater USEtox (Rosenbaum et al., 2008) CTUe 
Land use Bos et al., 2016 (based on) Pt 
Water use  AWARE 100 (based on; UNEP, 2016) m3 water eq 
Resource use, fossils ADP fossils (van Oers et al., 2002) MJ 
Resource use, minerals and 
metals 
ADP ultimate reserve (van Oers et al., 
2002) 
kg Sb eq 
Table 16. Characterized and normalized (global) results for the whole BoP mobility baseline 
(impacts of passenger mobility in EU in 2010) with LCIA-LCIND2 method, applied to the system 
S+R 
Impact category Unit 
Characteri
zation 
Normali
zation 
(values) 
Normali
zation 
(%) 
Climate change kg CO2 eq 1.25E+12 2.16E-02 7.3% 
Ozone depletion kg CFC-11 eq 2.91E+05 1.81E-03 0.6% 
Human toxicity, non-cancer CTUh 8.82E+04 2.69E-02 9.2% 
Human toxicity, cancer CTUh 1.33E+04 5.02E-02 17.1% 
Particulate matter Death 4.97E+04 1.21E-02 4.1% 
Ionising radiation, human health kBq U235 eq 8.38E+10 4.38E-02 14.9% 
Photochemical ozone formation, 
human health 
kg NMVOC eq 5.12E+09 1.83E-02 6.2% 
Acidification molc H+ eq 5.09E+09 1.33E-02 4.5% 
Eutrophication, terrestrial molc N eq 1.51E+10 1.24E-02 4.2% 
Eutrophication, freshwater kg P eq 3.65E+07 7.21E-03 2.5% 
Eutrophication, marine  kg N eq 1.38E+09 7.05E-03 2.4% 
Ecotoxicity, freshwater CTUe 9.89E+11 1.21E-02 4.1% 
Land use Pt 9.86E+12 1.02E-03 0.3% 
Water use  m3 water eq 2.19E+11 2.77E-03 0.9% 
Resource use, fossils MJ 1.90E+13 4.23E-02 14.4% 
Resource use, minerals and metals kg Sb eq 8.56E+06 2.14E-02 7.3% 
                                           
4 CF for emissions of P to soil changed from 1 to 0.05 kg Peq/kg 
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Table 17. Characterized and normalized results for the FU of the BoP mobility baseline (impacts of 
mobility of an average EU citizen in 2010) with LCIA-LCIND2 method, applied to the system S+R 
Impact category Unit 
Characteri
zation 
Normaliz
ation 
(values) 
Normali
zation 
(%) 
Climate change kg CO2 eq 2.49E+03 2.96E-01 7.3% 
Ozone depletion kg CFC-11 eq 5.80E-04 2.48E-02 0.6% 
Human toxicity, non-cancer CTUh 1.76E-04 3.70E-01 9.2% 
Human toxicity, cancer CTUh 2.65E-05 6.89E-01 17.1% 
Particulate matter Death 9.88E-05 1.66E-01 4.1% 
Ionising radiation, human 
health 
kBq U235 eq 1.67E+02 6.01E-01 14.9% 
Photochemical ozone 
formation, human health 
kg NMVOC eq 1.02E+01 2.51E-01 6.2% 
Acidification molc H+ eq 1.01E+01 1.82E-01 4.5% 
Eutrophication, terrestrial molc N eq 3.00E+01 1.70E-01 4.2% 
Eutrophication, freshwater kg P eq 7.26E-02 9.90E-02 2.5% 
Eutrophication, marine  kg N eq 2.74E+00 9.67E-02 2.4% 
Ecotoxicity, freshwater CTUe 1.97E+03 1.67E-01 4.1% 
Land use Pt 1.96E+04 1.40E-02 0.3% 
Water use  m3 water eq 4.37E+02 3.81E-02 0.9% 
Resource use, fossils MJ 3.77E+04 5.80E-01 14.4% 
Resource use, minerals and 
metals 
kg Sb eq 1.70E-02 2.94E-01 7.3% 
The results of normalization with the LCIA-LCIND2 method are almost in line with the ones 
obtained by using global normalization references for ILCD. The main difference is in the 
relative share of the impact on human toxicity, cancer effects and ionising radiation. When 
applying global normalization references of the LCIA-LCIND2 method (and equal weighting 
among impact categories), the contribution of human toxicity, cancer effects is slightly 
lower (17.1%). The same happens for ionising radiation, which is reduced to 14.9% 
(compared to 15.2% when using ILCD global references). 
Another relevant difference is related to resource depletion, because the LCIA-LCIND2 
method allows assessing the contribution to depletion of fossil resources and mineral and 
metal resources separately. When the two are assessed separately, the relevance of the 
impact on fossil resources (mainly due to the use of fossil fuels) appears to be higher than 
the one on mineral and metal resources (mainly due to the extraction of materials used in 
the construction of vehicles and infrastructures). Other differences regard the relevance of 
land use impacts from the BoP mobility (from 3% with ILCD EU-27 and ILCD global to 
0.3% with LCIA-LCIND2) and water depletion/use (5% with ILCD EU-27, 0.1% with ILCD 
global and 0.9% with LCIA-LCIND2). 
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5.1 Contribution by life cycle stages  
Details on the contribution of life cycle stages to each impact category are provided in 
Table 18, Figure 13 (system S+R) and Figure 14 (only System S).  
Table 18. Contribution of different life cycle stages to the impact categories (based on the 
characterized inventory results before normalization and weighting).  
Climate change Human tox, non-cancer effects Particulate matter 
Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) 
Vehicle usage 68.1% Fuel production 41.6% Vehicle usage 43.6% 
Fuel production 14.7% Vehicle production 31.4% Fuel production 23.8% 
Vehicle production 11.9% Vehicle usage 21.4% Vehicle production 23.7% 
Infrastructure 3.3% Maintenance 3.0% Infrastructure 5.9% 
Maintenance 1.9% Infrastructure 2.6% Maintenance 3.0% 
End-of-life -6.8% End-of-life -7.1% End-of-life -15.3% 
Ozone depletion Human toxicity, cancer effects Ionizing radiation HH 
Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) 
Fuel production 82.1% Vehicle production 79.3% Fuel production 84.2% 
Vehicle production 7.0% Fuel production 11.3% Vehicle production 7.5% 
End-of-life 5.6% Infrastructure 4.8% Infrastructure 5.1% 
Infrastructure 4.1% Vehicle usage 2.5% Maintenance 2.1% 
Maintenance 1.3% Maintenance 2.2% End-of-life 1.1% 
Vehicle usage 0.0% End-of-life -14.5% Vehicle usage 0.0% 
Photochemical ozone formation Acidification Terrestrial eutrophication 
Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) 
Vehicle usage 57.7% Fuel production 38.7% Vehicle usage 63.0% 
Fuel production 20.1% Vehicle usage 33.0% Fuel production 19.8% 
Vehicle production 13.2% Vehicle production 20.2% Vehicle production 10.4% 
Infrastructure 7.5% Infrastructure 5.7% Infrastructure 5.6% 
Maintenance 1.5% Maintenance 2.4% Maintenance 1.2% 
End-of-life -5.4% End-of-life -11.1% End-of-life -4.9% 
Freshwater eutrophication Marine eutrophication Freshwater ecotoxicity 
Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) 
Vehicle production 77.0% Vehicle usage 57.6% Vehicle usage 51.5% 
Fuel production 14.6% Fuel production 26.8% Vehicle production 28.7% 
Infrastructure 4.5% Vehicle production 9.4% Fuel production 15.8% 
Maintenance 3.9% Infrastructure 5.1% Infrastructure 2.6% 
Vehicle usage 0.0% Maintenance 1.1% Maintenance 1.3% 
End-of-life -13.2% End-of-life -4.1% End-of-life -3.4% 
Land use Water resource depletion Resource depletion 
Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) Life cycle stage Contrib. (%) 
Fuel production 86.5% Vehicle production 52.2% Vehicle production 74.7% 
Infrastructure 8.9% Fuel production 26.8% Maintenance 22.7% 
Vehicle production 3.4% Infrastructure 12.4% Fuel production 1.8% 
End-of-life 0.7% Maintenance 8.6% Infrastructure 0.9% 
Maintenance 0.6% Vehicle usage 0.0% Vehicle usage 0.0% 
Vehicle usage 0.0% End-of-life -19.4% End-of-life -21.1% 
The life cycle stages in orange are the ones identified as “most relevant” for the impact category, as they are 
contributing to more than 80%. 
Vehicle usage, fuel production and vehicle production are the most relevant stages for 
almost all the impact categories considered.  
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As expected, vehicle usage (i.e. vehicle emissions from fuel burning in the ICE) is the 
highest contributor to climate change, particulate matter, photochemical ozone formation, 
terrestrial and marine eutrophication and freshwater ecotoxicity. Carbon dioxide (fossil 
origin) is the elementary flow that contributes the most to climate change (96.7% of the 
whole climate change impact) (Table 19). It comes mainly from the emissions of extra-EU 
flights (14% of the total amount of carbon dioxide fossil emitted in the BoP), intra-EU 
flights (10%) and diesel cars 1.4-2.0L (13%). If we sum the contribution to climate change 
of all the vehicles for road transport, this category becomes more relevant than air 
transport, due to the high number of vehicles and kms travelled included.  
The process that contributes the most to the emission of PM2.5 in terms of absolute quantity 
is the production of the passenger car, and especially the electricity (Asian mix) used for 
the production of the glider. However, when the flow is characterized at the impact 
assessment phase, the use stage of the vehicles (and especially of passenger cars) is the 
major contributor to this impact category. The reason of this apparent discrepancy lies in 
the fact that the emission of PM2.5 at the use stage occurs in urban areas, where the 
potential impact on human health (i.e. the characterization factor – CF – assigned to these 
emissions) is higher. The high importance of the vehicle usage stage for the impact 
categories photochemical ozone formation, acidification, and terrestrial and marine 
eutrophication is due to the emission of nitrogen oxides from air transport (both extra-EU 
and intra-EU) and diesel cars (especially 1.4-2.0L). The contribution to freshwater 
ecotoxicity is mainly due to the emission of antimony to air, coming from brake wear 
emissions. 
Figure 13. Contribution of different life cycle stages to the impact categories (based on the 
characterized inventory results before normalization and weighting) (System S+R). 
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Figure 14. Contribution of different life cycle stages to the impact categories (based on the 
characterized inventory results before normalization and weighting) (System S). 
 
Fuel production is the most important contributor to human toxicity non-cancer effects, 
ozone depletion, ionizing radiations, acidification and land use. The contribution to human 
toxicity non-cancer effects is due to the emission of zinc to agricultural soil, coming from 
the emissions of manure used in the cultivation of rape oil, which is the starting material 
for the production of biodiesel, part of the European diesel mix. The same process is also 
the main contributor to land use, especially for the elementary flow “Transformation, to 
arable, non-irrigated, intensive”. Petroleum production is the main driver for the emission 
of Halon 1301, contributing to ozone depletion, and for the emission of Carbon-14 to air 
(from the radioactive waste generated). 
Vehicle production is the most relevant life cycle stage for the impact categories human 
toxicity cancer effects, freshwater eutrophication, water depletion and abiotic resource 
depletion (ADP). The impact on human toxicity is due (for 21.3%) to the emission of 
chromium to air, coming from the production of steel used in the glider of passenger cars. 
The sulfidic tailings from the extraction of gold used in printed wiring boards, part of the 
vehicle assembly, are the main contributors to the emission of phosphate to water, 
contributing to freshwater eutrophication (77%). The contribution of vehicle production to 
water depletion is due to the use of water in the production of the electricity mix of Middle 
East countries, used in the production of passenger car components (glider and ICE). 
Finally, the zinc-lead extraction process, which provides some of the metals used in the 
internal combustion engine, is the main contributor to the impact category ADP. 
Vehicle maintenance and infrastructure generally have a limited contribution 
compared to the other life cycle stages. The only exception is resource depletion, where 
maintenance contributes for 22.7%, due to the replacement of part of the materials used 
in the production stage. 
Due to the high rate of recycling for most of the materials used in vehicle production, the 
end of life stage generates benefits in most of the impact categories considered.  
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5.2 Most relevant elementary flows 
Table 19 reports the most relevant elementary flows for each impact category. Within each 
impact category, for the flow that contributes the most, the main process from which it 
originates is specified (marked with *).  
The inventory networks of the most important flow(s) are reported in Annex 7. 
Table 19. Contribution of elementary flows to each impact category considered in ILCD method 
Climate change Human tox, non-cancer effects Particulate matter 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Carbon dioxide, fossil* 96.7% Zinc to agric. soil* 33.7% Particulates ≤ 2.5* 76.8% 
  Zinc to air 25.4% Sulfur dioxide 18.2% 
  Mercury to air 15.0%   
  Lead to air 6.2%   
*Extra-EU air transport *Cultiv. of rape oil (EU diesel mix) *Emissions from vehicle usage 
Ozone depletion Human toxicity, cancer effects Ionizing radiation HH 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Methane, 
bromotrifluoro-, Halon 
1301* 87.6% Chromium to air* 21.3% Carbon-14 to air* 98.9% 
Methane, 
chlorodifluoro-, HCFC-22 2.7% Chromium to water 12.6%   
Methane, 
dichlorodifluoro-, CFC-12 3.8% Chromium to soil 1.5%   
  Chromium VI to water 57.5%   
  Formaldehyde to air 2.0%   
*Petroleum production *Steel (used in car glider) 
*Radioactive waste (oil 
production) 
Photochemical ozone formation Acidification Terrestrial eutrophication 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Nitrogen oxides* 70.0% Nitrogen oxides* 48.7% Nitrogen oxides* 93.0% 
NMVOCs 22.6% Sulfur dioxide 46.6%   
Sulfur dioxide 3.1%     
*Emissions from vehicle usage (esp. 
air transport and diesel cars) 
*Emissions from vehicle usage (esp. 
air transport and diesel cars) 
*Emissions from vehicle usage 
(esp. air transport and diesel cars) 
Freshwater eutrophication Marine eutrophication Resource depletion 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Phosphate to water* 96.0% Nitrogen oxides to air* 84.9% Indium* 64.4% 
  Nitrate to water 14.2% Tantalum 15.7% 
    Cadmium 7.7% 
    Nickel 3.0% 
    Silver 2.2% 
    Lead 1.7% 
    Zinc 0.8% 
*Sulfidic tailings from extraction of 
gold used in printed wiring boards 
*Emissions from vehicle usage (esp. 
air transport and diesel cars) 
*Zinc-lead extraction (metals used 
in the internal combustion engine) 
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Land use occupation Water resource depletion Freshwater ecotoxicity 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Occupation, traffic area, 
road network* 57.1% Water, cooling, SA* 39.8% Antimony to air* 33.1% 
Occupation, traffic area, 
rail/road embankment 10.9% Water, cooling, DE 9.7% Zinc to water 16.4% 
Occupation, forest, 
intensive 10.8% Water, cooling, PL 6.9% 
Chromium VI to 
water 7.7% 
Occupation, industrial 
area 6.5% Water, cooling, RoW 6.3% Copper to air 7.4% 
Occupation, arable, non-
irrigated, intensive 5.0% Water, cooling, IR 4.2% Zinc to soil 7.2% 
*Road construction Water, cooling, FR 4.2% Zinc to air 3.5% 
Land use transformation Water, cooling, IN 4.0% Chromium to air 2.9% 
From forest to mineral 
extraction site* 86.7% Water, cooling, ES 3.6% Vanadium to air 2.9% 
  Water, cooling, US 3.4% Barium to water 2.7% 
*Onshore well, oil/gas production  *Electricity mix of the Middle East  *Brake wear emissions 
The inclusion of cooling as a contributor to water depletion is debated and represents one 
of the main differences between the model recommended in the ILCD method 
(Frischknecht, 2009) and the model recommended in the LCIA-LCIND2 method (Boulay et 
al. 2016). If the impact of cooling is excluded from water depletion (not consistently with 
the original method) when assessing the BoP with ILCD, the most contributing elementary 
flow is “Water, RoW”.  
Moreover, it has to be specified that there is a known issue about the impact category 
Resource depletion. The highly relevant contribution of the elementary flow for Indium is 
partially due to the allocation method chosen in the ecoinvent database (economic 
allocation) for the dataset of zinc-lead-indium production and the high CF assigned to zinc. 
In addition to this, it has to be noted that the ILCD method includes the assessment of 
minerals and metals and of energy carriers under the same indicator. Since the use of 
energy resources is quite relevant for the mobility sector (especially in light of the relative 
contribution of the use stage in the overall impact of the entire basket), a specific sensitivity 
analysis on the impact of resource depletion has been done, using the indicators included 
in LCIA-LCIND2 method. These indicators assess the impact of minerals and metals and of 
energy carriers separately. The contribution by elementary flows for the indicators that are 
different between the ILCD method and the LCIA-LCIND2 method (namely resources, 
water, land use and particulate matter) is reported in Table 20. 
Table 20. Most relevant elementary flows for resource depletion, water scarcity, land use and 
particulate matter, when applying LCIA-LCIND2 method 
Resource depletion, minerals and 
metals 
Resource depletion, energy carriers Particulate matter 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Gold* 42.9% Oil, crude* 82.6% Particulates, < 2.5* 76.5% 
Cadmium 19.9% Gas, natural 8.4% Sulfur dioxide 14.5% 
Lead 13.4% Coal, hard 4.0% Nitrogen oxides 8.1% 
Silver 5.6% Uranium 3.5% Ammonia 0.9% 
Chromium 2.1% Coal, brown 1.4%   
Zinc 2.0%     
Tin 1.2%     
*Components of printed wiring board, 
in passenger cars 
*Fuel used by vehicles *Emissions from vehicle usage 
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Water scarcity (country) Land use occupation Land use transformation 
Elementary flow Contr. (%) Elementary flow Contr. (%) Elementary flow Contr. (%) 
Water balance in RoW* 56.0% 
Occupation, traffic 
area, road network* 
54.1% 
From forest to 
mineral extraction 
site* 
69.1% 
Water balance in Europe 
without Switzerland 
17.7% 
Occupation, forest, 
intensive 
20.8% 
From arable, non-
irrigated to arable, 
non-irrigated, 
intensive 
13.8% 
Water balance in Europe 12.4% 
Occupation, traffic 
area, rail/road 
embankment 
8.6% 
From unknown to 
traffic area, road 
network 
2.6% 
Water balance, GLO 4.4% 
Occupation, industrial 
area 
5.3%   
  
Occupation, arable, 
non-irrigated, 
intensive 
3.5%   
*Electricity, high voltage, RoW *Road construction *Onshore well, oil/gas production 
5.3 Contribution by product groups 
Among the product groups considered in the BoP mobility, i.e. the modes of transport used 
by the European citizens, passenger cars are by far the most important ones (Figure 15 
and Table 21). This is not surprising, also in light of the high number of kilometers travelled 
by car by EU citizens, compared to the other product groups (see Table 4). 
Figure 15. Contribution by product groups at the characterization stage 
 
A deeper look at the results of the product group passenger car (Figure 16 and Table 21) 
highlights the contribution of cars in the size range 1.4-2.0L, both diesel and gasoline 
fuelled. This is due to a combination of the impact of this type of cars (and especially the 
fuel consumption in the use phase) and the number of cars in the European fleet belonging 
to these categories (36% diesel and 23% gasoline, see Table 4).  
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Diesel cars 1.4-2.0L are particularly relevant for human toxicity non-cancer effects, 
particulate matter, photochemical ozone formation, terrestrial eutrophication, marine 
eutrophication and land use. This is mainly due to the emission of nitrogen oxides coming 
from diesel burning in the internal combustion engine and, in the case of land use, land 
transformation for the cultivation of biodiesel (that represents 6% of EU diesel mix in the 
BoP mobility model). 
Figure 16. Contribution by passenger car vehicle types at the characterization stage 
 
As expected, in general the vehicles that are compliant with lower emission standards 
(from conventional to Euro 3) are among the highest contributors to almost all the impact 
categories. SP10 (i.e. diesel car, 1.4-2.0L, conventional, Euro 1, 2, or 3) has the highest 
contribution to all the impact categories. As explained before, this is due to a combination 
of higher emissions and a high relevance in terms of number of vehicles in the EU fleet 
(27% of all passenger cars).  
Air transport, and especially extra-EU flights, is the second contributor to climate change, 
ozone depletion, ionizing radiations, photochemical ozone formation, acidification, and 
terrestrial and marine eutrophication. The main reason for this contribution is the emission 
of carbon dioxide and nitrogen oxides, from fuel burning during vehicle usage. Again, the 
high number of kilometres travelled, even if partially compensated by the occupancy factor, 
plays a relevant role. 
On the other hand, the occupancy factor of urban buses and coaches allows these means 
of transport to have a low contribution compared to the others.  
Finally, mopeds and motorcycles contribute less to the overall impact of mobility needs in 
EU, due to a combination of lower fuel consumption per km travelled (i.e. lower emissions) 
and a lower number of vehicles in the EU fleet, compared to cars. 
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Table 21. Contribution of each sub-product group to the characterized results of the BoP mobility. A colour scale is applied, from red (highest 
contributor) to green (lowest contributor), for each impact category 
 
 
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
>2,0 l
Diesel 
>2,0 l
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4
Impact category SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13 SP14
Climate change 12.6% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.4% 3.2% 2.0% 5.5% 1.0%
Ozone depletion 12.6% 2.3% 1.5% 14.3% 2.6% 1.7% 3.1% 0.6% 0.4% 17.6% 3.2% 2.1% 5.6% 1.0%
Human toxicity, non-cancer effects 9.2% 1.7% 1.1% 10.9% 2.1% 1.3% 2.5% 0.5% 0.3% 34.1% 6.3% 4.1% 10.8% 2.0%
Human toxicity, cancer effects 15.7% 3.0% 2.0% 18.7% 3.6% 2.3% 4.3% 0.8% 0.5% 22.7% 4.3% 2.8% 7.2% 1.4%
Particulate matter 10.1% 1.9% 1.2% 11.6% 2.2% 1.4% 2.6% 0.5% 0.3% 31.1% 5.7% 1.9% 8.7% 1.6%
Ionizing radiation HH 12.3% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.2% 3.1% 2.0% 5.5% 1.0%
Photochemical ozone formation 7.4% 1.3% 0.8% 8.1% 1.4% 0.9% 1.8% 0.3% 0.2% 21.1% 3.2% 2.4% 5.9% 0.9%
Acidification 8.7% 1.6% 1.0% 9.9% 1.8% 1.1% 2.2% 0.4% 0.3% 21.8% 3.5% 2.5% 6.3% 1.0%
Terrestrial eutrophication 5.1% 0.9% 0.5% 5.6% 1.0% 0.6% 1.2% 0.2% 0.1% 26.3% 3.9% 2.9% 7.2% 1.1%
Freshwater eutrophication 15.5% 3.0% 1.9% 18.5% 3.5% 2.3% 4.2% 0.8% 0.5% 22.5% 4.3% 2.8% 7.1% 1.3%
Marine eutrophication 4.6% 0.8% 0.5% 5.1% 0.9% 0.5% 1.1% 0.2% 0.1% 29.2% 4.5% 3.3% 8.3% 1.3%
Freshwater ecotoxicity 12.8% 2.4% 1.6% 15.1% 2.9% 1.9% 3.4% 0.7% 0.4% 22.1% 4.2% 2.7% 7.0% 1.3%
Land use 6.3% 1.2% 0.7% 7.1% 1.3% 0.8% 1.6% 0.3% 0.2% 38.9% 7.1% 4.5% 12.4% 2.2%
Water resource depletion 13.3% 2.5% 1.7% 15.7% 3.0% 1.9% 3.6% 0.7% 0.4% 17.6% 3.3% 2.2% 5.6% 1.1%
Mineral, fossil & ren resource depletion 17.5% 3.4% 2.2% 21.1% 4.0% 2.7% 4.9% 0.9% 0.6% 21.9% 4.2% 2.8% 7.0% 1.3%
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
>2,0 l
Diesel 
>2,0 l
Diesel 
>2,0 l LPG
Mopeds 
<50 cm³
Motorc. 
<250 cm³
Motorc. 
>250 cm³
Urban 
Buses 
Coaches 
Standard 
Urban 
CNG 
Electric 
train
Diesel 
train
National 
flights
Intra-EU 
flights
Extra-EU 
flights
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3, 4, 5
Conv., Euro 
1, 2, 3
Conventiona
l
Conv., Euro 
1, 2, 3
Conv., Euro 
1, 2, 3, 4, 5
Conv., Euro 
1, 2, 3, 4, 5
Euro 1, 2, 3 - - - - -
Impact category SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13 SP14 SP15 SP16 SP17 SP18 SP19 SP20 SP21 SP22 SP23 SP24 SP25 SP26 SP27
Climate change 12.6% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.4% 3.2% 2.0% 5.5% 1.0% 0.6% 1.1% 0.4% 0.2% 0.4% 0.2% 0.0% 0.1% 1.2% 0.2% 1.7% 9.9% 16.5%
Ozone depletion 12.6% 2.3% 1.5% 14.3% 2.6% 1.7% 3.1% 0.6% 0.4% 17.6% 3.2% 2.1% 5.6% 1.0% 0.7% 1.6% 0.3% 0.2% 0.6% 0.4% 0.0% 0.1% 0.7% 0.2% 1.6% 9.5% 15.6%
Human toxicity, non-cancer effects 9.2% 1.7% 1.1% 10.9% 2.1% 1.3% 2.5% 0.5% 0.3% 34.1% 6.3% 4.1% 10.8% 2.0% 1.3% 1.2% 0.2% 0.1% 0.2% 4.0% 0.4% 0.4% 1.0% 0.2% 0.2% 1.4% 2.6%
Human toxicity, cancer effects 15.7% 3.0% 2.0% 18.7% 3.6% 2.3% 4.3% 0.8% 0.5% 22.7% 4.3% 2.8% 7.2% 1.4% 0.9% 2.1% 0.3% 0.1% 0.3% 0.8% 0.1% 0.1% 1.3% 0.4% 0.2% 1.4% 2.6%
Particulate matter 10.1% 1.9% 1.2% 11.6% 2.2% 1.4% 2.6% 0.5% 0.3% 31.1% 5.7% 1.9% 8.7% 1.6% 0.6% 1.2% 0.3% 0.2% 0.4% 3.3% 0.3% 0.3% 1.2% 0.3% 0.6% 3.7% 6.8%
Ionizing radiation HH 12.3% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.2% 3.1% 2.0% 5.5% 1.0% 0.6% 1.5% 0.3% 0.2% 0.6% 0.3% 0.0% 0.0% 2.4% 0.2% 1.6% 9.5% 15.8%
Photochemical ozone formation 7.4% 1.3% 0.8% 8.1% 1.4% 0.9% 1.8% 0.3% 0.2% 21.1% 3.2% 2.4% 5.9% 0.9% 0.7% 0.8% 2.7% 1.3% 2.6% 0.4% 0.0% 0.0% 0.8% 0.5% 2.0% 12.2% 20.2%
Acidification 8.7% 1.6% 1.0% 9.9% 1.8% 1.1% 2.2% 0.4% 0.3% 21.8% 3.5% 2.5% 6.3% 1.0% 0.7% 1.0% 0.3% 0.2% 0.5% 0.4% 0.0% 0.0% 1.7% 0.5% 1.9% 11.5% 19.2%
Terrestrial eutrophication 5.1% 0.9% 0.5% 5.6% 1.0% 0.6% 1.2% 0.2% 0.1% 26.3% 3.9% 2.9% 7.2% 1.1% 0.8% 0.5% 0.4% 0.2% 0.4% 0.4% 0.0% 0.0% 0.8% 0.6% 2.3% 13.9% 23.0%
Freshwater eutrophication 15.5% 3.0% 1.9% 18.5% 3.5% 2.3% 4.2% 0.8% 0.5% 22.5% 4.3% 2.8% 7.1% 1.3% 0.9% 2.1% 0.1% 0.1% 0.2% 0.5% 0.0% 0.1% 3.7% 0.3% 0.2% 1.0% 2.6%
Marine eutrophication 4.6% 0.8% 0.5% 5.1% 0.9% 0.5% 1.1% 0.2% 0.1% 29.2% 4.5% 3.3% 8.3% 1.3% 0.9% 0.5% 0.3% 0.2% 0.4% 0.4% 0.0% 0.0% 0.8% 0.5% 2.1% 12.7% 21.0%
Freshwater ecotoxicity 12.8% 2.4% 1.6% 15.1% 2.9% 1.9% 3.4% 0.7% 0.4% 22.1% 4.2% 2.7% 7.0% 1.3% 0.9% 1.7% 0.2% 0.1% 0.2% 11.2% 1.0% 1.0% 0.6% 0.2% 0.3% 1.5% 2.6%
Land use 6.3% 1.2% 0.7% 7.1% 1.3% 0.8% 1.6% 0.3% 0.2% 38.9% 7.1% 4.5% 12.4% 2.2% 1.4% 0.8% 0.2% 0.1% 0.3% 0.3% 0.0% 0.0% 0.4% 0.1% 0.7% 4.1% 7.0%
Water resource depletion 13.3% 2.5% 1.7% 15.7% 3.0% 1.9% 3.6% 0.7% 0.4% 17.6% 3.3% 2.2% 5.6% 1.1% 0.7% 1.7% 0.2% 0.1% 0.3% 1.1% 0.1% 0.1% 12.1% 0.5% 0.4% 2.6% 7.2%
Mineral, fossil & ren resource depletion 17.5% 3.4% 2.2% 21.1% 4.0% 2.7% 4.9% 0.9% 0.6% 21.9% 4.2% 2.8% 7.0% 1.3% 0.9% 2.4% 0.2% 0.1% 0.2% 0.5% 0.0% 0.0% 0.5% 0.1% 0.0% 0.1% 0.3%
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
<1,4 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
1,4 - 2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Gasoline 
>2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
1,4 - 2,0 l
Diesel 
>2,0 l
Diesel 
>2,0 l
Diesel 
>2 0 LPG
Mopeds 
<50 cm³
Motorc. 
<250 cm³
Motorc. 
>250 cm³
Urba  
Buses 
Coaches 
Standard 
Urba  
CNG 
Electric 
train train
National 
flights
Intra-EU 
flights
Extra-EU 
flights
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3
Euro 4 Euro 5
Conv., Euro 
1, 2, 3, 4, 5
Conv., Euro 
1, 2, 3
Conventiona
l
Conv., Euro 
1, 2, 3
Conv., Euro 
1, 2, 3, 4, 5 1, 2 3 4, 5
Euro 1, 2, 3 - - - - -
Impact category SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13 SP14 SP15 SP16 SP17 SP18 SP19 SP20 SP21 SP22 SP23 24 25 26 27
Climate change 12.6% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.4% 3.2% 2.0% 5.5% 1.0% 0.6% 1 1 0 0.2% 0 4 0 2 0 1 1 2 0.2% 1 7 9 9 16.5
Ozone depletion 12.6% 2.3% 1.5% 14.3% 2.6% 1.7% 3.1% 0.6% 0.4% 17.6% 3.2% 2.1% 5.6% 1.0% 0.7% 1 6 0 3 0.2% 0 0 4 0 0 1 7 0.2% 1 6 9 5 15.6
Human toxicity, non-cancer effects 9.2% 1.7% 1.1% 10.9% 2.1% 1.3% 2.5% 0.5% 0.3% 34.1% 6.3% 4.1% 10.8% 2.0% 1 3 2 0 2 0.1% 0 2 4 0 0 4 4 1 0 0.2% 0 2 1 4 2.6%
Human toxicity, cancer effects 15.7% 3.0% 2.0% 18.7% 3.6% 2.3% 4.3% 0.8% 0.5% 22.7% 4.3% 2.8% 7.2% 1.4% 0.9% 2 1 0 3 0.1% 0 3 0 8 0 1 1 1 3 0.4% 0 2 1 4 2 6
Particulate matter 10.1% 1.9% 1.2% 11.6% 2.2% 1.4% 2.6% 0.5% 0.3% 31.1% 5.7% 1.9% 8.7% 1.6% 0.6% 2 0 3 0.2% 0 4 3 3 0 3 3 1 2 0.3% 0 6 3 7 6 8
Ionizing radiation HH 12.3% 2.3% 1.4% 13.9% 2.5% 1.6% 3.0% 0.6% 0.4% 17.2% 3.1% 2.0% 5.5% 1.0% 0.6% 1 5 0 3 0.2% 0 6 0 3 0 0 2 0.2% 1 6 9 5 15.8
Photochemical ozone formation 7.4% 1.3% 0.8% 8.1% 1.4% 0.9% 1.8% 0.3% 0.2% 21.1% 3.2% 2.4% 5.9% 0.9% 0 7 0 8 2 7 1 3 2 6 4 0 0 0 8 0.5% 2 0 12.2 20.2
Acidification 8.7% 1.6% 1.0% 9.9% 1.8% 1.1% 2.2% 0.4% 0.3% 21.8% 3.5% 2.5% 6.3% 1.0% 0 0 0 3 0 2 0 5 0 4 0 0 0 1 7 0.5% 1 9 11.5 19.2
Terrestrial eutrophication 5.1% 0.9% 0.5% 5.6% 1.0% 0.6% 1.2% 0.2% 0.1% 26.3% 3.9% 2.9% 7.2% 1.1% 0 8 5 4 0 2 0 4 4 0 0 0 8 0.6% 2 3 13.9 23.0
Freshwater eutrophication 15.5% 3.0% 1.9% 18.5% 3.5% 2.3% 4.2% 0.8% 0.5% 22.5% 4.3% 2.8% 7.1% 1.3% 0.9% 2 1 0 1 0.1% 0 2 0 5 0 0 1 3 7 0.3% 0 2 1 0 2 6
Marine eutrophication 4.6% 0.8% 0.5% 5.1% 0.9% 0.5% 1.1% 0.2% 0.1% 29.2% 4.5% 3.3% 8.3% 1.3% 0 9 5 3 0 2 4 4 0 0 0 8 0.5% 2 1 12.7 21.0
Freshwater ecotoxicity 12.8% 2.4% 1.6% 15.1% 2.9% 1.9% 3.4% 0.7% 0.4% 22.1% 4.2% 2.7% 7.0% 1.3% 0.9% 1 7 0 2 0.1% 0 2 11.2 1 0 1 0 6 0.2% 0 3 1 5 2 6
Land use 6.3% 1.2% 0.7% 7.1% 1.3% 0.8% 1.6% 0.3% 0.2% 38.9% 7.1% 4.5% 12.4% 2.2% 1 4 0 8 2 0 0 3 0 0 0 4 0.1% 0 7 1 7.0%
Water resource depletion 13.3% 2.5% 1.7% 15.7% 3.0% 1.9% 3.6% 0.7% 0.4% 17.6% 3.3% 2.2% 5.6% 1.1% 0.7% 1 7 0 2 0.1% 0 3 1 0 1 1 12.1 0.5% 0 4 6 7 2
Mineral, fossil & ren resource depletion 17.5% 3.4% 2.2% 21.1% 4.0% 2.7% 4.9% 0.9% 0.6% 21.9% 4.2% 2.8% 7.0% 1.3% 0.9% 2 0 0.1% 0 2 0 5 0 0 0 5 0.1% 0 0 0 1 0 3
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5.4 Relevance of impact categories 
If the results of the BoP mobility per citizen are normalised referring to the average impact 
per person in EU-27 (Benini et al., 2014) and applying equal weighting, the impact category 
resource depletion assumes the highest relevance (45%) compared to the others (Figure 17). 
The second most important impact category is human toxicity, cancer effects (11%). 
However, as mentioned before, the contribution of toxicity-relate impact categories should be 
further checked when improved impact assessment models for toxicity-related impacts would 
be available. 
Figure 17. Results of normalization EU-27 and equal weighting of impact categories for the BoP 
mobility  
 
Resource depletion is highly relevant for almost all product groups, except for air transport 
(51% of the overall impact of passenger cars, 25% of 2-wheelers, 18% of buses and 16% of 
rail transport) (Table 22 and Figure 18). Each product group has a different distribution of 
impact categories in terms of relevance (Table 22 and Figure 18). As mentioned before, more 
than 50% of the impact of passenger cars is due to resource depletion (mainly due to the 
extraction of materials used for vehicle production and the consumption of fossil fuels for 
vehicle usage). 
For 2-wheelers, the most relevant impact category is photochemical ozone formation (33% 
of the overall impact), due to the emission of NMVOCs during vehicle usage. The same applies 
for air transport, where the contribution of photochemical ozone formation is 17% of the 
overall impact. In this case, also the emission of nitrogen oxides plays a relevant role, in 
addition to the emission of NMVOCs. Freshwater ecotoxicity is the most relevant impact 
category for buses (29% of the overall impact) due to the emission of metals (especially 
antimony) from brake wear. For rail transport, the most relevant impact occurs on water 
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depletion, due to water used for cooling in the production of electricity used for the electric 
trains. 
Again, when global normalisation factors are applied, the distribution of relevance among 
impact categories changes, reflecting the changes already highlighted for the whole basket 
(Table 23 and Figure 19). 
Table 22. Results of normalization with EU-27 references and equal weighting of impact categories for 
the main product groups of the BoP mobility. A colour scale is applied for each column, from red 
(highest contribution) to green (lowest contribution). 
 
Table 23. Results of normalization with global references and equal weighting of impact categories for 
the main product groups of the BoP mobility. A colour scale is applied for each column, from red 
(highest contribution) to green (lowest contribution). 
 
Passenger 
cars
2-wheelers Buses
Rail 
transport
Air 
transport
Climate change 1.88E-01 2.80E-03 8.54E-04 3.89E-03 7.61E-02
Ozone depletion 1.57E-02 2.64E-04 1.18E-04 1.84E-04 5.91E-03
Human toxicity, non-cancer effects 4.38E-01 2.70E-03 2.32E-02 5.58E-03 2.09E-02
Human toxicity, cancer effects 6.88E-01 5.20E-03 7.41E-03 1.33E-02 3.11E-02
Particulate matter 2.83E-01 3.21E-03 1.32E-02 5.05E-03 3.83E-02
Ionizing radiation HH 1.02E-01 1.74E-03 4.70E-04 3.81E-03 3.96E-02
Photochemical ozone formation 1.78E-01 2.05E-02 1.32E-03 4.01E-03 1.07E-01
Acidification 1.42E-01 2.31E-03 1.13E-03 4.67E-03 7.24E-02
Terrestrial eutrophication 1.04E-01 1.67E-03 8.89E-04 2.57E-03 7.07E-02
Freshwater eutrophication 4.77E-02 2.00E-04 3.19E-04 2.05E-03 1.95E-03
Marine eutrophication 1.16E-01 1.56E-03 9.10E-04 2.45E-03 6.73E-02
Freshwater ecotoxicity 1.88E-01 1.30E-03 3.09E-02 1.76E-03 1.02E-02
Land use 1.76E-01 1.08E-03 6.55E-04 1.03E-03 2.38E-02
Water resource depletion 2.52E-01 2.25E-03 4.57E-03 4.25E-02 3.45E-02
Mineral, fossil & ren resource depletion 3.01E+00 1.59E-02 1.95E-02 1.77E-02 1.56E-02
Passenger 
cars
2-wheelers Buses
Rail 
transport
Air 
transport
Climate change 1.78E-02 2.65E-04 8.09E-05 3.69E-04 7.21E-03
Ozone depletion 1.06E-03 1.78E-05 7.92E-06 1.24E-05 3.98E-04
Human toxicity, non-cancer effects 3.58E-02 2.20E-04 1.90E-03 4.56E-04 1.71E-03
Human toxicity, cancer effects 4.80E-02 3.63E-04 5.17E-04 9.26E-04 2.17E-03
Particulate matter 5.07E-03 5.75E-05 2.37E-04 9.04E-05 6.86E-04
Ionizing radiation HH 2.83E-02 4.84E-04 1.31E-04 1.06E-03 1.10E-02
Photochemical ozone formation 1.02E-02 1.17E-03 7.52E-05 2.28E-04 6.12E-03
Acidification 8.81E-03 1.44E-04 7.05E-05 2.90E-04 4.50E-03
Terrestrial eutrophication 7.57E-03 1.21E-04 6.44E-05 1.87E-04 5.12E-03
Freshwater eutrophication 2.02E-03 8.46E-06 1.35E-05 8.67E-05 8.25E-05
Marine eutrophication 5.04E-03 6.81E-05 3.96E-05 1.07E-04 2.93E-03
Freshwater ecotoxicity 1.02E-02 7.05E-05 1.67E-03 9.53E-05 5.51E-04
Land use 6.59E-03 4.06E-05 2.46E-05 3.86E-05 8.92E-04
Water resource depletion 1.34E-04 1.20E-06 2.43E-06 2.26E-05 1.84E-05
Mineral, fossil & ren resource depletion 4.13E-02 2.18E-04 2.68E-04 2.44E-04 2.14E-04
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Figure 18. Relevance of impact categories (according to normalization EU-27 and equal weighting) in 
the main product groups of the BoP mobility 
 
Figure 19. Relevance of impact categories (according to global normalization and equal weighting) in 
the main product groups of the BoP mobility 
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6 Main hotspots identified 
In summary, the main hotspots identified for the BoP mobility are the following. 
— As expected, road transport is by far the mode of transport contributing the most to the 
impact of EU citizens’ mobility. Within this macro-category, the product groups that can 
be considered hotspots for the European mobility are passenger cars, and especially diesel 
cars. The relevance of these product groups is linked with the specific characteristics of 
the vehicles (i.e. type of fuel and related emissions per km travelled in the use stage) and 
the number of vehicles in the EU fleet. In addition, also air transport plays a significant 
role, especially for the emissions of nitrogen dioxides and of carbon dioxide from fossil 
fuels combustion. 
— In terms of impact categories, resource depletion is the most important one, especially 
for road transport (due to the materials used to build the vehicles and the fossil fuels used 
in the use stage). Water depletion is relevant for electric rail transport, due to the amount 
of water used in the production of electricity. Finally, photochemical ozone formation is a 
relevant impact for 2-wheelers and air transport, due to the emissions of nitrogen oxides 
during the use stage. The relevance of some impact categories changes significantly when 
global normalisation factors are applied. For instance, the relevance of resource depletion 
can vary from 45% (with EU-27 normalisation factors) to 17% (when using the global 
ones). 
— The contribution of life cycle stages to the overall impact of the BoP mobility varies among 
impact categories. Vehicle usage, and especially the emissions from fuel burning in 
internal combustion engines, has a relevant role for climate change, particulate matter, 
photochemical ozone formation, terrestrial eutrophication and marine eutrophication. Fuel 
production contributes the most to human toxicity non-cancer effects, ozone depletion, 
ionizing radiations, acidification and land use. Among the fuels used by the European 
vehicle fleet, diesel fuel is the one emerging as a hotspot in several impact categories. 
Finally, vehicle production has a relevant impact on resource depletion, human toxicity 
cancer effects and freshwater eutrophication. Among the materials used in vehicles 
production, steel is the one appearing more frequently as a hotspot, either for resource 
depletion or for the emissions that occur during its production process. 
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7 Eco-innovation options relevant to mobility sector 
This section illustrates the main findings of a literature review on eco-innovation for the area 
of consumption covered by the BoP. It is summarized as a list of areas of improvement and 
related eco-innovation, which constitute a long list of possible scenarios that may be tested 
on the BoP model. 
Table 24 summarizes the outcomes of the literature review of eco-innovation options to make 
the EU's transport system more efficient, integrated, and less oil-dependent. The reviewed 
documents are scientific papers of peer-reviewed journals and technical reports. The hotspot 
analysis of the baseline model clearly indicates the passenger cars usage as the main area of 
possible improvement for the BoP. Therefore, the proposed measures are focused on the eco-
innovation of the passenger car transport. Of course, they represent only a short list among 
all the possible improvements of the mobility sector as a whole. 
In the last decade, different technologies for propulsion of vehicles have been developed to 
reduce greenhouse and other gas emissions from road transport. Among them, electric and 
hybrid vehicles (EVs and HEVs) offer a technological maturity, which suggests that in the next 
years they can deeply enter in the EU market, concurring to decrease urban air pollution 
coming from conventional internal combustion engine vehicles (ICEVs). In this framework, a 
larger production and distribution network based on clean electricity is essential (Hawkins et 
al., 2013, Nordelöf et al., 2014, Querini et al., 2015).  
EVs and HEVs require advanced components that are mostly based on rare earth metals and 
other critical raw materials. Some authors (Bauer et al., 2015, Hawkins et al., 2012 and 
Nordelöf et al., 2014) highlighted that their production may cause different or additional 
environmental impacts, such as the leakage of toxic substances from mines or downstream 
processing and manufacturing. In light of concentration of those elements in specific areas of 
the world and the related geopolitical supply risk (Gemechu et al., 2017), extending batteries 
efficiency and lifetime, promoting their reuse in other applications and recycling programmes 
of material required in both EVs and HEVs production are strategic (Ahmadi et al., 2017, 
Casals et al., 2017, Majeau-Bettez et al., 2011, Notter et al., 2010, Richa et al., 2017, 
Samaras et al., 2008, Zackrisson et al., 2010). 
The Regulation No. 715/2007 (EC, 2007) and its implementing Regulation No. 692/2008 (EC, 
2008) set tighter emission limits of atmospheric pollutants, with the introduction of the Euro 
5 emission standards since September 2009. The current Euro 6, introduced in 2015 for all 
vehicles sales and registrations, represents a significant advancement over Euro 5 in 
particular with regard to nitrogen oxides limits, which decline from 0.18 g/km to 0.08 g/km. 
Indeed, the aim of Euro emission standards is to reduce levels of harmful emissions, such as 
nitrogen oxides (NOx), carbon monoxide (CO), hydrocarbons (HC) and particulate matter 
(PM), as part of an overall air-quality improvement strategy. 
Driver behaviour is one of the greatest factors determining fuel consumption and, thus, 
pollutants’ emissions. Eco-driving refers to implementation of techniques while driving, which 
encompasses keeping the speed down, accelerating and decelerating smoothly and 
appropriately timed gear shifting (Barkenbus, 2009, Van Mierlo et al., 2014 and Volkswagen 
AG, 2009). Additional rules are anticipating traffic flow, keeping the vehicle in good 
maintenance (e.g. check tyres pressure), cutting payloads and using electrical equipment with 
moderation (e.g. air conditioning, seat heating).  
On-board eco-driving support systems and training courses are ways of guiding drivers toward 
more fuel-efficient driver behaviour. Teaching drivers how to change their driving behaviour 
is a very cost-efficient way to reduce energy use and emissions, even for truckers and buses 
drivers (Beusen et al., 2009, Liimatainen, 2011 and af Wahlberg, 2007). The development of 
efficient in-vehicle eco-driving assistance systems, which provide guidance through real-time 
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or post trip energy feedbacks can help drivers in performing eco-driving, as highlighted by 
several authors (Brouwer et al., 2015, EC-JRC, 2013, Hibberd et al., 2015, Larsson et al., 
2009, Sciarretta et al., 2015, Sivak et al., 2009, Satou et al., 2010 and Stillwater et al., 
2017). In such a scheme, the rapid deployment of digital information and communication 
technologies could help to manage vehicular traffic more efficiently. Indeed, the concept of 
dynamic eco-driving, where advices are based on traffic conditions and other variables, can 
be implemented using real-time traffic sensing and telematics (Barth et al., 2009, Morello et 
al., 2016, Muñoz Organero et al., 2013).  
In this framework, the Joint Research Centre has developed the Green Driving Tool (EC-JRC, 
2016), a tool that helps drivers to evaluate fuel consumption and CO2 emissions by selecting 
the type of car and route. Public education campaign for eco-driving, financial incentives and 
the reduction of vehicle insurance rates for drivers completing an eco-driving training course 
could stimulate and promote an in-deep behavioural change. It is worth highlighting that not 
all the eco-driving strategies commonly used for ICEVs can be applicable to EVs and HEVs, 
due to their specific characteristics, e.g. regenerative braking system and/or automatic 
transmission (Franke et al., 2016, Helmbrecht et al., 2014 and Neumann et al., 2015). 
Traffic measures such as phased traffic lights, 30 km/h zones, roundabouts and speed ramps 
have also an indirect influence on energy consumption and vehicle emissions as well reported 
by EC-JRC (2013), Girod et al., (2013) and Van Mierlo et al., (2014). 
Car restricted zones, including pedestrian areas, park pricing and paid access in particular 
urban areas could play an important role in discouraging the use of private cars and, thus, in 
the carbon dioxide emissions abatement (EC, 2013b). 
Cycling mobility is becoming an increasingly attractive option, especially for short distances. 
The construction of cycle paths and the implementation of shared public bicycle services are 
essential actions to reduce traffic congestion and pollutant emissions and to move towards a 
more sustainable society (EEA, 2015 and Girod et al., 2013). 
Encourage a shift to cleaner modes of transport, in which the greatest number of passengers 
are carried in the most efficient way, requires behavioural changes and the establishment of 
new transport patterns. To address the problem related to the low occupancy of passenger 
cars, actions such as the promotion of carpooling could help to reduce overall car transport 
and, thus, CO2 emissions. Indeed, the widespread use of smartphones allows building a 
smarter transportation systems based on the sharing of cars or on-demand individual 
mobility. Carpooling could be stimulated by the implementation of parking facilities reserved 
for car-poolers and of high-occupancy vehicle lanes used only by cars with more than one 
passenger (Boriboonsomsin et al., 2007). Despite its benefits (such as sharing the cost of 
transportation, more comfortable and faster traveling time in comparison with public 
transportation), carpooling is still not widespread due to the poor schedule flexibility as well 
as behavioural and psychological factors associated with riding with strangers (e.g. trust other 
drivers, loss of privacy and freedom) (Nielsen et al., 2015 and Correia et al., 2011).  
Car sharing programmes can play a role to improve the sustainability of transport (Briceno et 
al, 2005, EC-JRC, 2013, Girod et al., 2013). They are based on schemes where members can 
reserve and access the cars and are charged per time and/or kilometres. In this way, 
members can use a car only when needed, avoiding ownership costs and promoting a 
common-use of goods, which encourages a more sustainable consumption. In fact, several 
studies report significant changes in transport behaviour among car-sharing members, such 
as increase in bicycling and public transport use (Chen et al., 2016 and Martin et al., 2010). 
However, it has to be noted that car sharing is not a solution for every driver, resulting more 
appealing for those that usually drive for few kilometres, live in big city or can have other 
mobility options (e.g. walking, biking, and using public transport). Indeed, surveys have 
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shown that car sharing is perceived more like an additional opportunity rather than a real 
solution to avoid the ownership of a private car.  
Some authors underline that both the carpooling and car-sharing framework might show 
rebound effects (e.g. Vivanco et al., 2015): the travel costs saved are spent on other travel 
modes or outside the transport sector, which also require energy and have environmental 
burdens. This suggests that apparent moves towards more sustainable consumption patterns 
might in some cases have an overall worse environmental impact (Briceno et al. 2005, Chen 
et al., 2016 and Girod et al., 2013). 
In recent years, the production of biofuels (mixed gasoline and biodiesel) as alternative 
transportation fuels had a meaningful raise due to increasingly urgent issues related to climate 
change mitigation (Avinash et al., 2014, EC-JRC, 2013). Indeed, thanks to their compatibility 
within the existing internal combustion engines, both the first and the second generation of 
biofuels show a reduction of greenhouse gases compared with their fossil alternatives. 
Worldwide, the production is dominated by the USA and Brazil and is based on corn and 
sugarcane, respectively (Wiloso et al., 2012).  
In Europe, several directives (EC, 2009b, 2015) establish a set of actions for the production 
and promotion of energy from renewable sources and the quality and sustainability criteria 
for biofuels produced and consumed in the EU. The target is to ensure that at least 27% of 
the final energy consumption in the EU comes from renewable sources by 2030, making the 
EU a global leader in renewable energy (EC, 2016c). In such a framework, by 2020, the EU 
aims to have 10% of the transport fuel of every EU country come from renewable sources 
such as biofuels.  
Nevertheless, when dealing with LCA applied to biofuels production, several authors pointed 
out that site-specific assumptions and methodological choices could mislead the overall results 
(Bauer et al., 2015, Cherubini et al., 2009, Gnansounou et al., 2009, and van der Voet et al., 
2014). For instance, Yan and colleagues (2013) showed how the performance of spark-ignition 
engines are affected by the different physical and chemical characteristics of ethanol and how 
the overall results could range when taking into account its efficiency. Furthermore, although 
biofuels perform better than fossil fuels at least for energy consumption and global warming, 
several authors (Bessou et al., 2011, Nanaki et al., 2012, Popp et al., 2014, Sanz Requena 
et al., 2011, Scarlat et al., 2013, von Blottnitz et al., 2007) emphasized that results are not 
so clear regarding other impact categories, such as acidification, eutrophication, ozone 
depletion, land use, land use change, etc.  
The use of public transport is considered one of the top priorities for protecting the 
environment in Europe (EC, 2011 and EC-JRC, 2013). Supporting modal shift, by increasing 
the proportion trips made using sustainable modes, plays a crucial role in changing urban 
mobility. Actions such as intermodal transfers, integrated ticketing, park & ride and public 
transport route planners can quicken the transformation of metropolitan areas into healthier 
places. For instance, making rail more competitive and faster through the development of 
high speed trains could encourage passengers to shift from car to rail and use other public 
transport means to complete their journey. A greater integration of airports, ports, railways, 
metro and bus stations, will help passengers to travel in a more efficient mode but requires 
great infrastructural changes not feasible in short term (EEA, 2015 and Girod et al., 2013). 
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Table 24. List of eco-innovation options relevant to the mobility sector 
Area of eco-
innovation 
Proposed solutions  References 
New propulsion 
technologies 
Electric and hybrid vehicles 
Ahmadi et al., 2017,  
Bauer et al., 2015 
Casals et al., 2017 
EC-JRC, 2013 
EC-JRC, 2015a  
EC-JRC, 2015b 
Gemechu et al., 2017 
Hawkins et al., 2012 
Hawkins et al., 2013 
Majeau-Bettez et al., 2011 
Nordelöf et al., 2014 
Notter et al., 2010 
Richa et al., 2017 
Querini et al., 2015 
Samaras et al., 2008 
Zackrisson et al., 2010 
Tighter emission 
standards 
Euro 6 emission standards vehicles 
EC, 2007 
EC, 2008 
Hooftman et al., 2016 
ICCT, 2016 
Johnson, 2016 
Johnson et al., 2017 
Ko et al., 2017 
Yang et al., 2015 
Improve driving 
efficiency 
Use of eco-driving support systems 
Barth et al., 2009 
Brouwer et al., 2015 
EC-JRC, 2013 
EC-JRC, 2016 
Hibberd et al., 2015 
Larsson et al., 2009 
Morello et al., 2016 
Muñoz Organero et al., 
2013 
Stillwater et al., 2017 
Sciarretta et al., 2015 
Sivak et al., 2009 
Satou et al., 2010 
Stimulating training courses 
af Wahlberg, 2007 
Barkenbus et al., 2009  
Beusen et al., 2009 
Liimatainen et al., 2011 
Volkswagen AG, 2009 
Less car intensive 
lifestyle 
 
Promoting car pooling  
Boriboonsomsin et al., 
2007 
Correia et al., 2011 
Girod et al, 2013 
Minett et al., 2011 
Nielsen et al., 2015 
Promoting car sharing 
Briceno et al. 2005 
Chen et al., 2016 
EC-JRC, 2013 
Girod et al, 2013 
Martin et al., 2010 
Traffic measures 
Phased traffic lights, 30 km/h zones, 
roundabouts, speed ramps 
EC-JRC 2013 
Girod et al., 2013 
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Area of eco-
innovation 
Proposed solutions  References 
Van Mierlo et al., 2014 
Car restricted zones 
Pedestrian areas, park pricing, paid access 
areas 
EC, 2013 
Increase cycling 
mobility 
Construction of cycle paths and 
implementation of shared public bicycle 
EEA, 2015 
Girod et al, 2013 
Alternative 
transportation fuels 
Use of biofuels 
Avinash et al., 2014 
Bauer et al., 2015 
Bessou et al., 2011 
Cherubini et al., 2009 
EC, 2009a,b 
EC, 2015 
EC, 2016c 
EC-JRC, 2013 
Gnansounou et al., 2009 
Nanaki et al., 2012 
Popp et al., 2014 
Sanz Requena et al., 2011 
Scarlat et al., 2013 
van der Voet et al., 2014 
von Blottnitz et al., 2007 
Wiloso et al., 2012 
Yan et al., 2013 
Increasing of public 
transport use 
Modal shift 
EC, 2011b 
EC-JRC, 2013 
Girod et al, 2013 
EEA, 2015 
 
7.1 Possible synergies with the ongoing work for the revision of 
Green Public Procurement (GPP) criteria for transport 
The Green Public Procurement (GPP) criteria for Transport are currently under revision. The 
criteria under discussion cover the following areas5: 
● CO2 emissions and energy efficiency 
● Air pollutants emission 
● Technical options to reduce GHG emission (e.g. gear shift indicators, energy 
consumption display, vehicle-specific eco-driving information) 
● Durability of the battery (for hybrid and electric vehicles) 
● Combined mobility services (to support modal shift) 
Most of the discussed criteria can be used to develop scenarios of eco-innovation and lifestyle 
changes within the Basket of Product mobility. For instance, an improved energy efficiency 
and reduction of GHG and other emissions can be achieved by a larger use of hybrid and 
electric vehicles or improved efficiency of the ICE vehicles already included in the EU car fleet. 
Both options can be modelled in the BoP mobility, thanks to the structure of the model, by 
adding new representative products or by the variation of parameters about the average fuel 
consumption per km travelled or the emission profile of the car types. 
Hybrid and electric vehicles were not included as representative products in the baseline 
because they share on the market was negligible in the baseline year 2010. However, it has 
                                           
5 http://susproc.jrc.ec.europa.eu/Transport/documents.html 
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to be acknowledged that their share has already increased and will surely increase even more 
in the future. Therefore, one of the scenarios planned for the BoP mobility entails the inclusion 
of hybrid and electric vehicles in the EU fleet modelled in the BoP. 
The effect of the use of technical options to reduce GHG emissions and of a more eco-driving 
behaviour by the drivers are quite known, even if the fuel savings that can be achieved can 
vary a lot depending on the type of vehicle, the road conditions and the trip travelled. 
However, one or more scenarios will be developed by making assumptions on average 
situations, starting from literature data and available databases (e.g. the CO2mpass database6 
developed by the EC-JRC as a base for the Green driving Tool7). 
The durability of the battery for hybrid and electric vehicles is a topic highly debated in the 
scientific literature, because the number of batteries used in the car lifetime can influence the 
overall efficiency of the hybrid or electric cars compared to ICE ones. The GPP criterion is 
based on the length of the warranty guaranteed by the manufacturer for the battery. To 
develop a scenario on this issue, further investigation is needed, to better understand how a 
longer lifetime of the battery is linked to a change in the bill of materials of the battery itself. 
The implementation of the criterion on combined mobility service into one or more scenarios 
of the BoP mobility is not straightforward, because the choice of the mean of transport by 
citizens depends from a wide range of factors (availability of combined options but also 
personal preferences and attitudes, etc.). For sure, the use of carpooling and car sharing 
services is growing over time. However, the magnitude and the effects of this phenomenon 
(including possible rebound effects or shift from public transport to car sharing cars) is not 
fully investigated yet. Therefore, the possibility to develop robust scenarios on this topic 
depends on the availability of comprehensive and robust input data. 
                                           
6 https://docs.co2mpas.io/en/latest/# 
7 https://green-driving.jrc.ec.europa.eu/#/custominterface 
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8 Scenarios of eco-innovation for the area of consumption 
mobility 
For the selection of the scenarios for the BoP, out of the long list coming from the literature 
review and the analysis of GPP criteria, priority is given to: 
● scenarios that are expected to address the most relevant hotspots identified in the 
baseline (e.g. for BoP mobility, priority is given to measures acting on passenger car 
mobility). 
● scenarios able to simulate the effect of European policies, especially if in relation to 
the hotspots of the consumption sector as emerged from the assessment of the BoP 
baseline (e.g. for BoP mobility, a scenario simulating the improved efficiency of the 
car fleet thanks to the implementation of updated Euro emission standards) 
● scenarios related to innovations that are at present a niche in the market but are 
foreseen to become relevant for one of the consumption sector, such as the growing 
of the market share for electric vehicles for the mobility sector. 
8.1 List of the scenarios tested in the BoP Mobility 
According to the literature review performed and in line with the previous hotspot analysis, a 
list of 5 scenarios have been selected: 
— Scenario 1: forecasted evolution of fleet composition in 2030, taking into account the 
increase of new propulsion technologies (EVs and HEVs) and Euro 6 emission standards;  
— Scenario 2: improve driving efficiency through the adoption of eco-driving techniques 
and evaluate passenger car emissions by changing a set of parameters such as driving 
style and tyres class; 
— Scenario 3: increase the share of biofuels as alternative to fossil fuels; 
— Scenario 4: assess the technological evolution of batteries in EVs and HEVs; 
— Scenario 5: increase the use of public transport trough modal shift. 
The above scenarios are described in the following sections and subsequently tested in the 
BoP mobility baseline framework. 
In order to test the future developments in the mobility sector, the following scheme has been 
adopted: 
 update the BoP mobility baseline from 2010 to the year 20158; 
 test the future trends of mobility by comparing the five scenarios listed above against 
the baseline in 2015. 
Scenario 1 is the only one that gives a forward-looking perspective to the year 2030. 
Scenarios 2-5 depict possible changes, as if the market, policies or other related tools were 
retroactively applied to the year 2015. 
In line with the baseline 2010, the sub-sectors considered in the baseline 2015 and in the 
scenarios are related to passenger mobility are road, rail and air transport. Each sub-
product described in the following scenarios takes into account all the life-cycle stages 
modelled in the baseline.  
                                           
8 As explained before, the baseline year 2010 was chosen for consistency with the other BoPs assessed in the context 
of LCIND2 project. However, it was deemed interesting to have also a closer baseline year as a reference for the 
assessment of the scenarios. 
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8.2 BoP mobility baseline in 2015 
The BoP mobility baseline in 2015 can be seen as an evolution of the baseline 2010, where 
fleet composition and travelled distances have been updated and the geography has been 
enlarged from EU27 to EU28’s countries. It has been built by using the Eurostat datasets 
(Eurostat, 2017), the Statistical Pocketbook 2016 (EC, 2016a) and by following the same 
approach described for the baseline 2010 (see section 3 and Annexes 1-6) Data sources used 
for the estimation and the calculation of the level of service for road, rail and air transport as 
well as the number of vehicles and the vehicle-kilometres or passenger-kilometres travelled 
are described in Annex 8.The modelling of Euro 6 passenger cars and related data sources 
are reported in Annex 9. It is based on datasets provided by the Ecoinvent database 
(ecoinvent, 2015) in which the emission factors are derived from the EMEP/EEA air pollutant 
emission inventory guidebook 2016 (EMEP/EEA, 2016). LCI data for hybrid and electric cars 
were already available in baseline 2010, even if not associated to activity data (because they 
did not cover a relevant share of the fleet in 2010). 
The adopted EU28 fleet composition for the year 2015 is represented in Table 25. It considers 
43 vehicle categories for passenger cars, 12 categories for 2Ws, 15 categories for buses, 2 
categories for rail transport (electric and diesel) and 3 categories for air transport (national, 
intra-EU and extra-EU flights). The road transport takes into account the Euro emissions 
standards and, as far as passenger cars and 2Ws are concerned, the engine displacement. 
The transportation fuel considered includes gasoline, diesel, LPG, electric and hybrid for 
passenger cars and diesel and compressed natural gas (CNG) for buses. It has been assumed 
that all the 2Ws sub-products use a petrol blend. 
Table 25. Mobility sub-products included in the BoP mobility baseline 2015 
Products Designation Sub-products in Use stage 
Sub-products 
in Production 
stage 
Road 
transport 
Passenger 
Cars 
SP 1 
Gasoline <1.4 l 
Conventional, 
Euro 1, 2, 3 
Passenger car 
Glider + 
Internal 
combustion 
engine 
 
SP 2 Gasoline <1.4 l Euro 4 
SP 3 Gasoline <1.4 l Euro 5 
SP 4 
Gasoline 1.4 - 
2.0 l 
Conventional, 
Euro 1, 2, 3 
SP 5 
Gasoline 1.4 - 
2.0 l 
Euro 4 
SP 6 
Gasoline 1.4 - 
2.0 l 
Euro 5 
SP 7 Gasoline >2.0 l 
Conventional, 
Euro 1, 2, 3 
SP 8 Gasoline >2.0 l Euro 4 
SP 9 Gasoline >2.0 l Euro 5 
SP 10 Diesel 1.4 - 2.0 l 
Conventional, 
Euro 1, 2, 3 
SP 11 Diesel 1.4 - 2.0 l Euro 4 
SP 12 Diesel 1.4 - 2.0 l Euro 5 
SP 13 Diesel >2.0 l 
Conventional, 
Euro 1, 2, 3 
SP 14 Diesel >2.0 l Euro 4 
SP 15 Diesel >2.0 l Euro 5 
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Products Designation Sub-products in Use stage 
Sub-products 
in Production 
stage 
SP 16 LPG 
Conventional, 
Euro 1, 2, 3, 4, 
5, 6 
SP 28 Electric passenger car 
Passenger car 
Glider + Power 
train + battery  
SP 29 Hybrid passenger car 
Passenger car 
Glider + Power 
train + battery 
+ Internal 
Combustion 
Engine 
SP 30 Gasoline <1.4 l Euro 6 Passenger car 
Glider + 
Internal 
combustion 
engine 
 
SP 31 Gasoline 1.4 - 
2.0 l 
Euro 6 
SP 32 Gasoline >2.0 l Euro 6 
SP 33 Diesel 1.4 - 2.0 l Euro 6 
SP 34 Diesel >2.0 l Euro 6 
2Ws 
SP 17 Mopeds <50 cm³ 
Conventional, 
Euro 1, 2, 3 Motor scooter 
50 cm3 (RER) + 
Motor scooter 
50 cm3 (ROW) 
SP 18 
Motorcycles 
<125 cm³ 
Conventional, 
Euro 1, 2, 3 
SP 19 
Motorcycles 
>125cm³ 
Conventional, 
Euro 1, 2, 3 
Buses 
SP 20 
Urban Buses 
Standard 15-18 t 
Conventional, 
Euro 1, 2, 3, 4, 
5 
Bus (RER) + 
Bus (ROW) SP 21 
Coaches 
Standard <=18 t 
Conventional, 
Euro 1, 2, 3, 4, 
5 
SP 22 
Urban CNG 
Buses 
Euro 1, 2, 3 
Rail transport 
SP 23 Electric Train 
passenger long 
distance 
SP 24 Diesel 
Air transport 
SP 25 National flights Medium haul 
aircraft (RER) 
+ Medium haul 
aircraft (ROW) 
SP 26 Intra-EU flights 
SP 27 Extra-EU flights 
Long haul 
aircraft (RER) 
+ Long haul 
aircraft (ROW) 
Table 26 shows the main input related to each vehicle category to assess the annual impacts 
of the mobility products in 2015, as vehicle-kilometres travelled for the road transport sector 
or passenger-kilometres travelled for rail and air transport. 
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Table 26. Mobility needs inputs for each vehicle category considered in the BoP mobility baseline 
2015 
Mobility sub-product 
Vehicle-
kilometres 
(million) 
Passenger- 
kilometres 
(million) 
Road 
transport 
Passenger 
cars 
Gasoline 
SP1 425,427 - 
SP 2 250,653 - 
SP 3 189,447 - 
SP 4 293,350 - 
SP 5 172,836 - 
SP 6 130,632 - 
SP 7 47,406 - 
SP 8 27,931 - 
SP 9 21,111 - 
SP 29 48,471 - 
SP 30 33,423 - 
SP 31 5,401 - 
Diesel 
SP 10 492,135 - 
SP 11 289,956 - 
SP 12 219,153 - 
SP 13 101,668 - 
SP 14 59,901 - 
SP 15 45,274 - 
SP 32 56,071 - 
SP 33 11,584 - 
LPG SP 16 70,157 - 
Electric SP 28 2,487 - 
Hybrid SP 29 12,221 - 
2Ws 
SP 17 13,391 - 
SP 18 4,112 - 
SP 19 26,884 - 
Buses 
SP 20 38,977 - 
SP 21 25,985 - 
SP 22 38,977 - 
Rail transport 
SP23 - 489,646 
SP24 - 50,291 
Air transport 
SP25 - 123,077 
SP26 - 936,299 
SP27 - 2,160,661 
Total 3,155,021 1,147,661 
 
The main differences in fleet composition between the baseline 2010 and the baseline 2015 
are represented by the inclusion of electric and hybrid passenger cars (SP 28 and SP 29) and 
Euro 6 standard emissions (SP 30-34). Details of the modelling of cars compliant to the Euro 
6 standard are reported in Annex 9, whereas details of the modelling of electric and hybrid 
cars are reported in Annex 10. 
In order to support the comparison of the evolution of the passenger mobility, Table 27 shows 
the changes in number of vehicles and pkm from the fleet in 2010 to the fleet in 2015. 
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Table 27. Comparison between fleet composition in 2010 and in 2015 in terms of number of vehicles 
and pkm 
Mobility Product 
Baseline 2010 Baseline 2015  
Number 
of 
vehicles 
Passeng
er 
kilometr
es 
Number of 
vehicles 
Passenger 
kilometres 
(pkm) 
Variatio
n of pkm 
(%) 
Passenger 
cars 
Gasoline 1.48E+08 
4.71E+12 
1.41E+08 
4.87E+12 3% 
Diesel 8.35E+07 1.09E+08 
LPG 4.77E+06 6.01E+06 
Electrical - 2.13E+05 
Hybrid - 1.05E+06 
2W 3.40E+07 1.40E+11 3.76E+07 1.30E+11 -7% 
Urban buses and 
Coaches 
8.73E+08 4.18E+11 8.59E+05 5.46E+11 31% 
Trains 1.01E+05 4.04E+11 * 4.90E+11 21% 
Aircrafts 4.22E+03 2.72E+12 * 3.22E+12 18% 
* in the baseline 2015 the analysis has been performed by considering only the passenger kilometres 
As illustrated in Figure 20, the increase in the number of vehicles and passenger*km offsets, 
for most of the impact categories, the benefits generated by the introduction of Euro6 vehicles 
and of hybrid and electric cars. The difference between the two is higher for the impact 
categories that are most affected by the increase of pkm travelled by buses and by air 
transport (such as freshwater ecotoxicity and human toxicity, non-cancer effects), due to 
emissions of from brake wear. Absolute values are reported in Table 28. 
Figure 20. Comparison of impacts of baseline 2010 and baseline 2015 
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Table 28. Characterized results for the FU of the BoP mobility baseline 2010 and 2015 (impacts of 
mobility of an average EU citizen in the reference year) 
Impact category Unit 
Baseline 
2010 
Baseline 
2015 
Variation 
(%) 
Climate change kg CO2 eq 2.45E+03 2.54E+03 3.7% 
Ozone depletion kg CFC-11 eq 4.81E-04 4.98E-04 3.5% 
Human toxicity, non-cancer 
effects 
CTUh 1.76E-04 2.04E-04 
15.9% 
Human toxicity, cancer 
effects 
CTUh 2.65E-05 2.69E-05 
1.5% 
Particulate matter kg PM2.5 eq 1.30E+00 1.35E+00 3.8% 
Ionizing radiation, effects on 
human health (HH) 
kBq U235 eq 1.67E+02 1.73E+02 
3.6% 
Photochemical ozone 
formation 
kg NMVOC eq 9.86E+00 9.72E+00 
-1.4% 
Acidification molc H+ eq 1.01E+01 1.05E+01 4.0% 
Terrestrial eutrophication molc N eq 3.00E+01 3.06E+01 2.0% 
Freshwater eutrophication kg P eq 7.39E-02 7.61E-02 3.0% 
Marine eutrophication kg N eq 2.74E+00 2.80E+00 2.2% 
Freshwater ecotoxicity CTUe 1.97E+03 2.61E+03 32.5% 
Land use kg C deficit 7.47E+03 7.62E+03 2.0% 
Water resource depletion m3 water eq 2.75E+01 3.06E+01 11.3% 
Resource depletion kg Sb eq 3.10E-01 3.09E-01 -0.3% 
Figure 21 and Table 29 depict the disaggregation of environmental impacts by mobility 
product. In line with the hotspot analysis performed on the baseline 2010, they clearly indicate 
passenger cars as the transport mode responsible of most of the total impacts. Buses and air 
transport have a significant role in some of the assessed impact categories, whereas rail 
transport shows a significant contribution only in freshwater eutrophication and water 
depletion. 2Ws represent the transport mode with the lowest contribution to the total impacts, 
showing a slightly higher share only in photochemical ozone formation.  
Figure 21. Contribution analysis for aggregated groups of mobility products (baseline scenario 2015) 
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Table 30 provides a further and more detailed analysis in which the contribution of each of 
the 34 sub-product (see Table 25) per impact category is reported. As highlighted by red 
boxes, the contribution of extra-EU flights is relevant for most of the impact categories. 
Among the passenger cars (that cumulatively are the highest contributor, as highlighted 
before), the most contributing are the ones with low EU standard emission, both gasoline and 
diesel. Relevant contributions to freshwater ecotoxicity comes from urban buses and diesel 
coaches, whereas the highest contribution to water resources depletion comes from the 
electricity needed to run the electric trains. 
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Table 29. Disaggregation of environmental impacts by mobility product (baseline scenario 2015) 
Impact category 
Mobility sub-products 
Passenger cars 2-Wheelers Buses Rail Air Total 
Impact % Impact % Impact % Impact % Impact % Impact % 
Climate change kg CO2 eq 1.62E+03 63.7% 1.00E+01 0.4% 3.96E+01 1.6% 5.36E+01 2.1% 8.18E+02 32.2% 2.54E+03 100% 
Ozone depletion 
kg CFC-11 
eq 
3.28E-04 65.9% 2.46E-06 0.5% 1.08E-05 2.2% 5.80E-06 1.2% 1.51E-04 30.3% 4.98E-04 100% 
Human toxicity, 
non-cancer 
effects 
CTUh 1.44E-04 70.6% 5.69E-07 0.3% 4.19E-05 20.5% 4.47E-06 2.2% 1.31E-05 6.4% 2.04E-04 100% 
Human toxicity, 
cancer effects 
CTUh 2.39E-05 88.7% 7.53E-08 0.3% 9.55E-07 3.5% 6.75E-07 2.5% 1.35E-06 5.0% 2.70E-05 100% 
Particulate matter kg PM2.5 eq 9.72E-01 71.9% 4.96E-03 0.4% 1.76E-01 13.0% 2.75E-02 2.0% 1.72E-01 12.7% 1.35E+00 100% 
Ionizing radiation 
HH 
kBq U235eq 1.11E+02 63.9% 8.49E-01 0.5% 1.97E+00 1.1% 6.93E+00 4.0% 5.30E+01 30.5% 1.74E+02 100% 
Photochemical 
ozone formation 
kg 
NMVOCeq 
5.16E+00 53.1% 2.50E-01 2.6% 1.31E-01 1.3% 1.51E-01 1.6% 4.03E+00 41.5% 9.72E+00 100% 
Acidification molc H+eq 5.89E+00 56.2% 4.51E-02 0.4% 1.80E-01 1.7% 3.15E-01 3.0% 4.05E+00 38.6% 1.05E+01 100% 
Terrestrial 
eutrophication 
molc Neq 1.48E+01 48.4% 1.16E-01 0.4% 4.42E-01 1.4% 5.27E-01 1.7% 1.47E+01 48.1% 3.06E+01 100% 
Freshwater 
eutrophication 
kg Peq 6.61E-02 86.8% 1.19E-04 0.2% 1.68E-03 2.2% 4.88E-03 6.4% 3.39E-03 4.5% 7.62E-02 100% 
Marine 
eutrophication 
kg Neq 1.36E+00 48.6% 1.04E-02 0.4% 3.95E-02 1.4% 4.81E-02 1.7% 1.34E+00 47.9% 2.80E+00 100% 
Freshwater 
ecotoxicity 
CTUe 1.54E+03 59.0% 4.56E+00 0.2% 9.41E+02 36.0% 2.17E+01 0.8% 1.05E+02 4.0% 2.61E+03 100% 
Land use kg C deficit 5.31E+03 69.7% 3.47E+01 0.5% 6.99E+01 0.9% 1.04E+02 1.4% 2.10E+03 27.6% 7.62E+03 100% 
Water resource 
depletion 
m3 water eq 2.02E+01 66.1% 7.50E-02 0.2% 1.33E+00 4.4% 5.67E+00 18.6% 3.29E+00 10.8% 3.06E+01 100% 
Resource 
depletion 
kg Sb eq 2.96E-01 96.1% 6.16E-04 0.2% 6.86E-03 2.2% 2.72E-03 0.9% 1.85E-03 0.6% 3.08E-01 100% 
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Table 30. Contribution (%) of each of 34 sub-products per impact categories in the baseline scenario 2015. A colour scale is applied, from 
red (highest contributor) to green (lowest contributor), for each impact category. 
  Climate 
change 
Ozone 
depletio
n 
Human 
toxicity, 
non-
cancer 
effects 
Human 
toxicity, 
cancer 
effects 
Particul
ate 
matter 
Ionizing 
radiatio
n HH 
Photoch
emical 
ozone 
form. 
Acidific
ation 
Terrest
rial 
eutrop
hicatio
n 
Freshwa
ter 
eutrophi
cation 
Marine 
eutrophi
cation 
Freshw
ater 
ecotoxi
city 
Land 
use 
Water 
depleti
on 
Resour
ce 
depleti
on 
Gasoline 
<1,4 l 
Conv., Euro 
1, 2, 3 
8.7% 8.7% 8.4% 11.4% 6.9% 8.4% 5.4% 6.3% 3.8% 11.2% 3.7% 7.1% 8.9% 8.5% 12.6% 
Euro 4 4.8% 4.9% 4.9% 6.7% 4.0% 4.8% 3.0% 3.5% 2.0% 6.6% 1.9% 4.2% 5.1% 5.0% 7.4% 
Euro 5 3.5% 3.6% 3.7% 5.0% 2.9% 3.4% 2.1% 2.5% 1.4% 4.9% 1.4% 3.1% 3.7% 3.7% 5.6% 
Euro 6 0.9% 0.9% 0.9% 1.3% 0.8% 0.9% 0.5% 0.6% 0.4% 1.3% 0.4% 0.8% 0.9% 0.9% 1.4% 
Gasoline 
1,4 - 2,0 l 
Conv., Euro 
1, 2, 3 
7.4% 7.5% 7.6% 10.4% 6.1% 7.3% 4.5% 5.4% 3.2% 10.2% 3.1% 6.4% 7.7% 7.7% 11.6% 
Euro 4 4.1% 4.2% 4.4% 6.1% 3.5% 4.1% 2.5% 3.0% 1.7% 6.0% 1.7% 3.8% 4.4% 4.5% 6.8% 
Euro 5 3.0% 3.1% 3.3% 4.6% 2.6% 3.0% 1.8% 2.2% 1.2% 4.5% 1.2% 2.8% 3.2% 3.3% 5.2% 
Euro 6 0.8% 0.8% 0.8% 1.2% 0.7% 0.8% 0.5% 0.6% 0.3% 1.2% 0.3% 0.7% 0.8% 0.9% 1.3% 
Gasoline 
>2,0 l 
Conv., Euro 
1, 2, 3 
1.4% 1.4% 1.5% 2.1% 1.2% 1.4% 0.9% 1.0% 0.6% 2.1% 0.6% 1.3% 1.5% 1.5% 2.3% 
Euro 4 0.8% 0.8% 0.9% 1.2% 0.7% 0.8% 0.5% 0.6% 0.3% 1.2% 0.3% 0.8% 0.8% 0.9% 1.4% 
Euro 5 0.6% 0.6% 0.7% 0.9% 0.5% 0.6% 0.3% 0.4% 0.2% 0.9% 0.2% 0.6% 0.6% 0.7% 1.0% 
Euro 6 0.1% 0.2% 0.2% 0.2% 0.1% 0.1% 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.2% 0.2% 0.3% 
Diesel 1,4 - 
2,0 l 
Conv., Euro 
1, 2, 3 
9.9% 10.2% 11.4% 12.6% 17.7% 9.9% 12.6% 11.7% 14.2% 12.1% 14.3% 9.3% 11.2% 9.6% 13.0% 
Euro 4 5.6% 5.8% 6.7% 7.4% 10.0% 5.6% 5.8% 5.7% 6.3% 7.1% 6.3% 5.5% 6.4% 5.6% 7.7% 
Euro 5 4.1% 4.2% 5.0% 5.5% 3.8% 4.1% 5.0% 4.7% 5.5% 5.3% 5.6% 4.1% 4.7% 4.2% 5.8% 
Euro 6 1.0% 1.1% 1.3% 1.4% 0.9% 1.1% 0.6% 0.8% 0.6% 1.4% 0.6% 1.1% 1.2% 1.1% 1.5% 
Diesel >2,0 
l 
Conv., Euro 
1, 2, 3 
2.6% 2.7% 3.0% 3.3% 4.1% 2.6% 2.9% 2.8% 3.1% 3.1% 3.2% 2.4% 2.9% 2.5% 3.4% 
Euro 4 1.4% 1.5% 1.7% 1.9% 2.3% 1.4% 1.3% 1.4% 1.4% 1.8% 1.4% 1.4% 1.6% 1.4% 2.0% 
Euro 5 1.1% 1.1% 1.3% 1.4% 1.0% 1.1% 1.1% 1.1% 1.2% 1.4% 1.2% 1.1% 1.2% 1.1% 1.5% 
Euro 6 0.3% 0.3% 0.3% 0.4% 0.2% 0.3% 0.2% 0.2% 0.1% 0.4% 0.1% 0.3% 0.3% 0.3% 0.4% 
LPG 
Conv., Euro 
1, 2, 3, 4, 
5 
1.6% 2.1% 2.2% 3.1% 1.6% 2.0% 1.1% 1.4% 0.8% 3.0% 0.8% 1.9% 2.2% 2.2% 3.4% 
Electric  0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.2% 0.0% 
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  Climate 
change 
Ozone 
depletio
n 
Human 
toxicity, 
non-
cancer 
effects 
Human 
toxicity, 
cancer 
effects 
Particul
ate 
matter 
Ionizing 
radiatio
n HH 
Photoch
emical 
ozone 
form. 
Acidific
ation 
Terrest
rial 
eutrop
hicatio
n 
Freshwa
ter 
eutrophi
cation 
Marine 
eutrophi
cation 
Freshw
ater 
ecotoxi
city 
Land 
use 
Water 
depleti
on 
Resour
ce 
depleti
on 
Hybrid  0.3% 0.2% 0.3% 0.4% 0.2% 0.2% 0.1% 0.2% 0.1% 0.6% 0.1% 0.2% 0.2% 0.3% 0.3% 
Mopeds 
<50 cm³ 
Conv., Euro 
1, 2, 3 
0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.8% 0.1% 0.1% 0.0% 0.1% 0.0% 0.1% 0.1% 0.1% 
Motorc. 
<250 cm³ 
Convention
al 
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Motorc. 
>250 cm³ 
Conv., Euro 
1, 2, 3 
0.3% 0.4% 0.2% 0.2% 0.2% 0.4% 1.6% 0.3% 0.2% 0.1% 0.2% 0.1% 0.3% 0.2% 0.1% 
Urban 
Buses  
15 - 18 t 
Conv., Euro 
1, 2, 3, 4, 
5 
0.3% 0.6% 7.7% 1.3% 4.9% 0.4% 0.6% 0.7% 0.7% 0.8% 0.7% 13.5% 0.3% 1.6% 0.8% 
Coaches 
Standard 
<=18 t 
Conv., Euro 
1, 2, 3, 4, 
5 
0.2% 0.4% 5.1% 0.9% 3.2% 0.3% 0.4% 0.4% 0.4% 0.5% 0.4% 9.0% 0.2% 1.1% 0.6% 
Urban CNG 
Buses 
Euro 1, 2, 3 1.0% 1.1% 7.7% 1.4% 4.9% 0.5% 0.4% 0.6% 0.3% 0.9% 0.3% 13.5% 0.4% 1.7% 0.8% 
Electric 
train 
- 2.0% 1.1% 2.1% 2.3% 1.9% 3.9% 1.3% 2.8% 1.5% 6.3% 1.5% 0.8% 1.2% 18.3% 0.8% 
Diesel train - 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.2% 0.2% 0.3% 0.1% 0.3% 0.1% 0.1% 0.2% 0.0% 
National 
flights 
- 1.6% 1.5% 0.3% 0.2% 0.6% 1.5% 2.1% 1.9% 2.4% 0.2% 2.4% 0.2% 1.4% 0.4% 0.0% 
Intra-EU 
flights 
- 12.2% 11.6% 2.3% 1.8% 4.6% 11.6% 15.8% 14.6% 18.4% 1.3% 18.4% 1.5% 10.4% 3.0% 0.2% 
Extra-EU 
flights 
- 18.3% 17.2% 3.8% 3.0% 7.5% 17.4% 23.6% 22.1% 27.3% 3.0% 27.3% 2.3% 15.8% 7.4% 0.4% 
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8.3 Scenario 1 – Evolution of fleet composition in 2030 
Scenario 1 considers the expected evolution of the fleet composition and it is based on the 
projections for the year 2030 adopted in the EU Reference Scenario 2016 approach (EC, 
2016d), which provides simulations on future trend of EU energy, transport and climate 
change given certain conditions. Scenario 1 takes into account the increase of EVs, HEVs and 
Euro 6 for passenger cars in order to assess the environmental burdens of passenger cars 
mobility by the enlargement of new propulsion technologies and tighter emission standards. 
The EU is committed to developing a more sustainable circular economy and decarbonised 
transport system, in order to turn into a resource-efficient and low-carbon economy. The 
European Commission’s Thematic Strategy on Air Pollution, adopted in 2005, aimed at 
reducing transportation emissions as part of an overall air-quality improvement strategy. The 
Euro 6 emission standards specifically noted that a considerable reduction in NOx and PM from 
diesel vehicles is necessary to improve air quality and comply with limit values for air pollution 
stated in the Regulation No. 715/2007 (EC, 2007) and in its implementing Regulation No. 
692/2008 (EC, 2008). More recently, the European Commission has published a European 
strategy for low-emission mobility (EC, 2016e) in order to decrease oil import dependency 
and quickly move towards low and zero-emission vehicles by fostering the use of low-emission 
energy sources and the electrification of transport. 
In such a context, the Scenario 1 (2030) has been modelled by updating the fleet composition 
in terms of number of vehicles, vehicle-kilometres and passenger-kilometres for each mobility 
sub-products, as described with more details in the Annex 11. Since the EU Reference 
Scenario 2016 provides the projection for 2030 only in terms of passenger-kilometres, the 
inputs for each vehicle category considered in the basket of products has been allocated on 
the basis of the fleet modelled in 2015. The fleet composition in terms of number of vehicles 
is based on the projection of Transport & Mobility Leuven NV (Breemersch, 2015). 
As far as passenger cars are concerned, considering that in 2030 the Euro 3 vehicles would 
be from 26 to 30 years old, it has been assumed that in 2030 there will not be passenger cars 
lower than Euro 4 standard emissions. The distribution of EU 4, 5 and 6 among gasoline and 
diesel technologies has been derived from the ICT-Emissions Project Handbook (ICT, 2015). 
Furthermore, the same engine displacement of fleet modelled in 2015 has been used. Finally, 
it has been assumed that the sub-product electric vehicles encompass both the pure electric 
and the plug-in electric vehicles. 
Table 31 shows the main input related to each vehicle category to assess the annual impacts 
of the mobility products in 2030, as vehicle-kilometres travelled for the road transport sector 
or passenger-kilometres travelled for rail and air transport. 
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Table 31. Mobility needs inputs for each vehicle category considered in the BoP – Scenario 1 (2030) 
Mobility sub-product 
Vehicle-
kilometres 
(million) 
Passenger-
kilometres 
(million) 
Road 
transport 
Passenger 
cars 
Gasoline 
SP1 - - 
SP 2 64,232  - 
SP 3 77,996  - 
SP 4 - - 
SP 5 44,291  - 
SP 6 53,782 - 
SP 7 - - 
SP 8 7,158 - 
SP 9 8,691 - 
SP 29 316,573 - 
SP 30 218,291 - 
SP 31 35,277 - 
Diesel 
SP 10 - - 
SP 11 240,924  - 
SP 12 172,089  - 
SP 13 - - 
SP 14 49,772  - 
SP 15 35,551  - 
SP 32 734,245 - 
SP 33 151,685 - 
LPG SP 16 187,864 - 
Electric SP 27 263,009 - 
Hybrid SP 28 751,455 - 
2Ws 
SP 17 15,200 - 
SP 18 4,667 - 
SP 19 30,516 - 
Buses 
SP 20 43,145 - 
SP 21 28,763 - 
SP 22 43,145 - 
Rail transport 
SP23 - 628,216     
SP24 - 58,513     
Air transport 
SP25 - 174,252     
SP26 - 1,325,614     
SP27 - 3,059,067     
Total 3,578,321 1,547,145 
Table 32 depicts the evolution of fleet composition in 2030 and clearly shows an increase in 
terms of both number of vehicles and passenger-kilometres. The only exception is 
represented by gasoline passenger cars for which is forecasted a lower number of vehicles. 
LPG, EV and HEV passenger cars reveal, instead, a notable growth. 
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Table 32. Comparison between fleet composition in 2015 and in 2030 in terms of number of vehicles 
and pkm 
Mobility Product 
Baseline 2015 Scenario 1 (2030) Variation 
of pkm 
(%) 
Number of 
vehicles 
Passenger 
kilometers 
Number of 
vehicles 
Passenger 
kilometers 
Passenger 
cars 
Gasoline 1.41E+08 
4.87E+12 
7.20E+07 
5.53E+12 14% 
Diesel 1.09E+08 1.21E+08 
LPG 6.01E+06 1.64E+07 
Electric 2.13E+05 2.29E+07 
Hybrid 1.05E+06 6.55E+07 
2W 3.76E+07 1.30E+11 4.27E+07 1.48E+11 14% 
Urban buses and 
Coaches 
8.59E+05 5.46E+11 9.51E+05 6.04E+11 11% 
Trains - 4.90E+11 - 6.93E+11 41% 
Aircrafts - 3.22E+12 - 4.56E+12 42% 
Table 33 and Figure 22 report the comparison of the impact assessment results between the 
baseline scenario 2015 and Scenario 1.  
Table 33. Comparison between baseline scenario 2015 and Scenario 1 (2030) 
Impact category Unit 
Baseline scenario 
2015 
Scenario 1 
(2030) 
Variation 
(%) 
Climate change kg CO2 eq 2.54E+03 2.94E+03 15.7% 
Ozone depletion kg CFC-11 eq 4.98E-04 5.42E-04 8.8% 
Human toxicity, non-cancer 
effects 
CTUh 2.04E-04 2.46E-04 20.6% 
Human toxicity, cancer effects CTUh 2.69E-05 3.06E-05 13.8% 
Particulate matter kg PM2.5 eq 1.35E+00 1.37E+00 1.5% 
Ionizing radiation HH kBq U235 eq 1.73E+02 1.95E+02 12.7% 
Photochemical ozone formation kg NMVOC eq 9.72E+00 1.08E+01 11.1% 
Acidification molc H+ eq 1.05E+01 1.19E+01 13.3% 
Terrestrial eutrophication molc N eq 3.06E+01 3.32E+01 8.5% 
Freshwater eutrophication kg P eq 7.61E-02 1.09E-01 43.2% 
Marine eutrophication kg N eq 2.80E+00 3.03E+00 8.2% 
Freshwater ecotoxicity CTUe 2.61E+03 3.01E+03 15.3% 
Land use kg C deficit 7.62E+03 8.26E+03 8.4% 
Water resource depletion m3 water eq 3.06E+01 4.09E+01 33.7% 
Resource depletion kg Sb eq 3.09E-01 3.24E-01 4.9% 
The comparison between the baseline 2015 and the scenario at 2030 shows results that are 
similar to the ones of the comparison between the baseline at 2010 and the baseline at 2015. 
Notwithstanding the expected improvement of emission standards and the notable share of 
EVs and HEVs in the car fleet, Scenario 1 (2030) shows higher impacts for all the assessed 
impact categories, compared to the baseline 2015. This is mainly due to the expected increase 
in the amount of passenger-kilometres travelled and the number of vehicles of each mobility 
product. The increase in freshwater eutrophication is also due to the increased emissions from 
sulfidic tailings in the extraction process of gold, used in the printed wiring boards. Printed 
wiring boards are used in all types of cars, but their quantity is higher in electric and hybrid 
vehicles. Therefore, the general increase in the number of vehicles in 2030 compared to 2015, 
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and especially the increase in the number of hybrid and electric vehicles contributes to the 
increase of the impact on freshwater eutrophication from the BoP nobility. The increase in 
water depletion is due to an increase of water used for cooling in the production of electricity. 
Electricity is mainly used in the BoP mobility by the electric car and the electric train, so the 
increase in the number of kms travelled by these two types of mobility means causes the 
increase in the overall impact of the BoP. 
Figure 22. Comparison between baseline scenario 2015 and Scenario 1 (2030) 
 
The disaggregation by mobility product showed in Figure 23 and Table 34 highlights a 
contribution in line with that reported for the baseline scenario 2015. 
Figure 23. Contribution analysis for aggregated groups of mobility products (Scenario 1 - 2030) 
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Table 35 describes the contribution of each 29 sub-product per impact categories. Considering 
that Scenario 1 has been modelled by excluding passenger cars lower than Euro 4 standard 
emissions, a notable contribution to all the assessed impact categories derives from hybrid 
vehicles (SP29) and diesel Euro 6 medium size passenger cars (SP33) which represent the 
sub-products with the highest share in the 2030 fleet. Other mobility sub-products (SP20, 
SP21, SP22, SP23, SP26) have a remarkable impact for some of the assessed impact 
categories.
64 
Table 34. Disaggregation of environmental impacts by mobility product (Scenario 1 - 2030) 
Impact category 
Mobility sub-products 
Passenger cars 2-Wheelers Buses Rail Air Total 
Impact % Impact % Impact % Impact % Impact % Impact % 
Climate change kg CO2 eq 9.49E+02 32.3% 9.76E+01 3.3% 1.14E+03 38.8% 4.61E+02 15.7% 2.94E+02 10.0% 2.94E+03 100% 
Ozone depletion 
kg CFC-11 
eq 
2.02E-04 37.3% 1.41E-05 2.6% 2.11E-04 38.9% 5.54E-05 10.2% 5.94E-05 11.0% 5.42E-04 100% 
Human toxicity, 
non-cancer 
effects 
CTUh 1.22E-04 49.6% 2.47E-05 10.0% 1.83E-05 7.4% 5.53E-05 22.5% 2.57E-05 10.4% 2.46E-04 100% 
Human toxicity, 
cancer effects 
CTUh 1.48E-05 48.3% 1.30E-06 4.2% 1.89E-06 6.2% 7.96E-06 26.0% 4.69E-06 15.3% 3.06E-05 100% 
Particulate matter kg PM2.5 eq 6.47E-01 47.2% 1.15E-01 8.4% 2.40E-01 17.5% 2.35E-01 17.1% 1.35E-01 9.8% 1.37E+00 100% 
Ionizing radiation 
HH 
kBq U235eq 6.75E+01 34.7% 9.75E+00 5.0% 7.40E+01 38.0% 2.34E+01 12.0% 2.00E+01 10.3% 1.95E+02 100% 
Photochemical 
ozone formation 
kg 
NMVOCeq 
3.08E+00 28.4% 2.33E-01 2.2% 5.64E+00 52.1% 1.19E+00 11.0% 6.90E-01 6.4% 1.08E+01 100% 
Acidification molc H+eq 3.37E+00 28.4% 4.76E-01 4.0% 5.67E+00 47.7% 1.48E+00 12.5% 8.85E-01 7.4% 1.19E+01 100% 
Terrestrial 
eutrophication 
molc Neq 8.11E+00 24.4% 7.81E-01 2.4% 2.06E+01 62.0% 2.29E+00 6.9% 1.42E+00 4.3% 3.32E+01 100% 
Freshwater 
eutrophication 
kg Peq 3.96E-02 36.2% 6.99E-03 6.4% 4.74E-03 4.3% 4.50E-02 41.2% 1.30E-02 11.9% 1.09E-01 100% 
Marine 
eutrophication 
kg Neq 7.47E-01 24.6% 7.00E-02 2.3% 1.88E+00 62.0% 2.05E-01 6.8% 1.29E-01 4.3% 3.03E+00 100% 
Freshwater 
ecotoxicity 
CTUe 1.67E+03 55.4% 4.53E+02 15.0% 1.47E+02 4.9% 4.61E+02 15.3% 2.81E+02 9.3% 3.01E+03 100% 
Land use kg C deficit 3.30E+03 40.0% 1.64E+02 2.0% 2.93E+03 35.5% 9.23E+02 11.2% 9.41E+02 11.4% 8.26E+03 100% 
Water resource 
depletion 
m3 water eq 1.30E+01 31.7% 7.80E+00 19.0% 4.60E+00 11.2% 1.17E+01 28.6% 3.88E+00 9.5% 4.10E+01 100% 
Resource 
depletion 
kg Sb eq 1.77E-01 54.6% 6.55E-03 2.0% 2.59E-03 0.8% 7.79E-02 24.0% 6.00E-02 18.5% 3.24E-01 100% 
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Table 35. Contribution (%) of each of 29 sub-products per impact categories in the Scenario 1 (2030). A colour scale is applied, from red 
(highest contributor) to green (lowest contributor), for each impact category. 
  Climate 
change 
Ozone 
depl. 
Human 
toxicity, 
non-
cancer 
effects 
Human 
toxicity, 
cancer 
effects 
Particul
ate 
matter 
Ionizing 
radiat. 
HH 
Photoch
emical 
ozone 
form. 
Acidific
ation 
Terrestri
al 
eutrophi
cation 
Freshwa
ter 
eutrophi
cation 
Marine 
eutrophi
cation 
Freshw
ater 
ecotoxi
city 
Land 
use 
Water 
depleti
on 
Resour
ce 
depleti
on 
Gasoline 
<1,4 l 
Euro 4 1.1% 1.1% 1.0% 1.5% 1.0% 1.1% 0.7% 0.8% 0.5% 1.2% 0.4% 0.9% 1.2% 0.9% 1.8% 
Euro 5 1.2% 1.3% 1.2% 1.8% 1.2% 1.2% 0.8% 0.9% 0.5% 1.4% 0.5% 1.1% 1.4% 1.1% 2.2% 
Euro 6 4.9% 5.4% 5.0% 7.3% 4.8% 5.1% 3.2% 3.7% 2.1% 5.7% 2.1% 4.5% 5.6% 4.6% 8.8% 
Gasoline 
1,4 - 2,0 l 
Euro 4 0.9% 1.0% 0.9% 1.4% 0.9% 0.9% 0.6% 0.7% 0.4% 1.1% 0.4% 0.8% 1.0% 0.8% 1.6% 
Euro 5 1.0% 1.1% 1.1% 1.6% 1.0% 1.1% 0.7% 0.8% 0.5% 1.3% 0.4% 1.0% 1.2% 1.0% 2.0% 
Euro 6 4.2% 4.7% 4.5% 6.7% 4.2% 4.4% 2.7% 3.2% 1.8% 5.2% 1.8% 4.0% 4.9% 4.1% 8.1% 
Gasoline 
>2,0 l 
Euro 4 0.2% 0.2% 0.2% 0.3% 0.2% 0.2% 0.1% 0.1% 0.1% 0.2% 0.1% 0.2% 0.2% 0.2% 0.3% 
Euro 5 0.2% 0.2% 0.2% 0.3% 0.2% 0.2% 0.1% 0.2% 0.1% 0.3% 0.1% 0.2% 0.2% 0.2% 0.4% 
Euro 6 0.8% 0.9% 0.9% 1.3% 0.8% 0.8% 0.5% 0.6% 0.4% 1.0% 0.4% 0.8% 0.9% 0.8% 1.6% 
Diesel 1,4 - 
2,0 l 
Euro 4 3.9% 4.3% 4.5% 5.3% 8.1% 4.1% 4.3% 4.1% 4.7% 4.0% 4.8% 3.9% 4.8% 3.4% 6.0% 
Euro 5 2.7% 3.0% 3.2% 3.8% 2.9% 2.8% 3.5% 3.2% 3.9% 2.9% 4.0% 2.8% 3.4% 2.4% 4.3% 
Euro 6 11.6% 12.9% 13.6% 16.1% 11.8% 12.1% 7.5% 8.8% 6.7% 12.2% 6.8% 11.8% 14.4% 10.4% 18.2% 
Diesel >2,0 
l 
Euro 4 1.0% 1.1% 1.2% 1.4% 1.9% 1.0% 1.0% 1.0% 1.1% 1.0% 1.1% 1.0% 1.2% 0.9% 1.5% 
Euro 5 0.7% 0.8% 0.8% 1.0% 0.7% 0.7% 0.8% 0.8% 0.9% 0.7% 0.9% 0.7% 0.9% 0.6% 1.1% 
Euro 6 3.0% 3.3% 3.5% 4.2% 3.0% 3.1% 1.9% 2.2% 1.6% 3.2% 1.6% 3.0% 3.7% 2.7% 4.7% 
LPG 
Euro 1, 2, 
3, 4, 5 
3.6% 5.2% 4.8% 7.1% 4.3% 4.8% 2.7% 3.3% 1.9% 5.5% 1.9% 4.3% 5.3% 4.3% 8.7% 
Electric  2.3% 1.6% 6.5% 6.7% 4.5% 3.8% 4.0% 4.2% 2.1% 16.1% 2.0% 2.8% 1.7% 16.1% 4.3% 
Hybrid  13.4% 8.6% 16.1% 19.3% 12.6% 8.2% 7.0% 8.3% 4.9% 25.1% 4.7% 12.5% 9.5% 12.5% 19.7% 
Mopeds 
<50 cm³ 
Conv., Euro 
1, 2, 3 
0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.9% 0.1% 0.1% 0.0% 0.1% 0.0% 0.1% 0.1% 0.1% 
Motorc. 
<250 cm³ 
Convention
al 
0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Motorc. 
>250 cm³ 
Conv., Euro 
1, 2, 3 
0.3% 0.4% 0.2% 0.2% 0.3% 0.4% 1.8% 0.3% 0.3% 0.1% 0.3% 0.1% 0.4% 0.2% 0.1% 
Urban 
Buses  
15 - 18 t 
Conv., Euro 
1, 2, 3, 4, 
5 
0.4% 0.7% 7.7% 1.4% 5.8% 0.4% 0.6% 0.7% 0.7% 0.7% 0.7% 14.2% 0.4% 1.4% 1.0% 
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Coaches 
Standard 
<=18 t 
Conv., Euro 
1, 2, 3, 4, 
5 
0.2% 0.5% 5.1% 0.9% 3.8% 0.3% 0.4% 0.5% 0.5% 0.4% 0.5% 9.4% 0.2% 0.9% 0.6% 
Urban CNG 
Buses 
Euro 1, 2, 3 1.0% 1.3% 7.8% 1.5% 5.8% 0.5% 0.4% 0.7% 0.4% 0.8% 0.3% 14.1% 0.4% 1.6% 1.0% 
Electric 
train 
- 2.2% 1.3% 2.2% 2.6% 2.4% 4.4% 1.5% 3.1% 1.7% 5.5% 1.7% 0.8% 1.5% 17.3% 1.0% 
Diesel train - 0.1% 0.1% 0.1% 0.2% 0.1% 0.1% 0.2% 0.2% 0.3% 0.1% 0.3% 0.1% 0.1% 0.2% 0.0% 
National 
flights 
- 1.9% 1.9% 0.4% 0.3% 0.8% 1.9% 2.6% 2.4% 3.1% 0.2% 3.1% 0.2% 1.7% 0.4% 0.0% 
Intra-EU 
flights 
- 14.8% 14.9% 2.7% 2.2% 6.3% 14.5% 19.8% 18.1% 23.7% 1.3% 23.7% 1.8% 13.4% 3.1% 0.3% 
Extra-EU 
flights 
- 22.1% 22.0% 4.4% 3.7% 10.3% 21.7% 29.6% 27.2% 35.2% 2.9% 35.2% 2.8% 20.4% 7.7% 0.5% 
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8.4 Scenario 2 – Eco Driving 
Scenario 2 aims at assessing the emissions of Euro 4, 5 and 6 passenger cars by changing 
a set of parameters which heavily influence the fuel consumption and, consequently, 
emissions of passenger cars. The GPP criteria developed for transport and the 
accompanying Technical Background Report clearly point out a set of actions to reduce 
mobility environmental pressure. Among them, the widespread diffusion of eco-driving 
courses and techniques and the use of low rolling resistance tyres have a key role in the 
reduction of energy consumption by 20% by 2020, as stated by the Energy Efficiency 
Action Plan. 
As outlined in the section 2, changing the driving behaviour is regarded as a very efficient 
and easy way to reduce energy use and emissions by simple actions which encompass 
efficient gear shifting, calm and steady driving and efficient breaking, moving from an 
aggressive driving style to a more refined, frequently referred to as eco-driving. The tyres 
rolling resistance is a main factor in measuring the energy efficiency of vehicles and it falls 
within the scope of EC Regulation 1222/2009. In such a context, a set of tyres label has 
been created to clearly indicate their performances, from the best (green category "A") to 
the worst (red category "G"). 
For better comparability with the 2015 baseline, this scenario refers to the year 2015 and 
it is based on the main outputs provided by the Green Driving Tool (EC-JRC, 2016) by 
varying the driving style and the tyres class of gasoline, diesel and LPG passenger cars.  
Scenario 2 is further refined in sub-scenarios. Three driving styles (“gentle”, “normal”, 
“aggressive”) and two tyres classes (“A” and “G”) have been selected and combined with 
mass, engine displacement, Euro standard emissions and fuel of passenger cars. The 
weight and the engine displacement of vehicles selected in the Green Driving Tool are 
coherent with those used in the LCA modelling. It has been assumed that each sub-product 
is provided by a manual gearbox and that only Euro 5 and 6 are equipped with a start/stop 
system. Finally, the fuel consumption of each combination has been evaluated by 
considering a typical EU28 route (Table 36), as defined for the EU Reference Scenario 2016 
approach (EC, 2016d). The combination of all these factor resulted in 96 sub-scenarios. 
For each of them, the respective fuel consumption was retrieved from the results of the 
Green Driving Tool simulations (details are reported in Annex 12). 
Table 36. Typical EU28 route 
Road type Share 
Highway 25% 
Rural 45% 
Urban 30% 
Since a linear increase in fuel consumption from gentle to aggressive driving style and from 
tyre class A to G has been observed, only the maximum and the minimum value of each 
category assessed has been used as input for two sub-scenarios that were modelled on 
the life cycle inventory of the BoP mobility. The two sub-scenarios are Scenario 
2min_gentle_A, in which a gentle driving style has been associated to a tyres class A, and 
Scenario 2max_aggressive_G, where an aggressive driving style has been associated to 
tyres class G.  
In Table 37 and Figure 24 the potential environmental impacts of Scenario 2 are presented 
and compared against the baseline scenario 2015.  
  
68 
Figure 24. Comparison between baseline scenario 2015 and Scenario 2 (2015)  
 
As expected, Scenario 2Amin always performs better than the baseline Scenario 2015, in 
which an average driving style and average tyre class are assumed whereas, on the 
contrary, Scenario 2Amax always shows higher environmental impacts for all the assessed 
impact categories. The influence on the overall impact of the BoP mobility is somehow 
limited. Anyway, the analysis confirms how driving style and tyres class can play a role in 
the emission abatement and that a right combination of drivers’ behaviour and proper car 
equipment would reduce the environmental burdens of passenger cars mobility. A more 
detailed analysis on the different types of passenger cars highlights that the larger 
influence of the driving style and the tyre class occurs for small (< 1.4 L) cars fuelled with 
gasoline. When using this type of car on rural routes, the fuel consumption (and related 
emissions) due to an aggressive driving style coupled with low performance tyres (G) is 
1.4 times higher than the fuel consumption due to a gentle driving style coupled with the 
use of high performance tyres (A).
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Table 37. Comparison between baseline scenario 2015 and Scenario 2 
Impact category Unit 
Baseline 
scenario 
2015 
Scenario 2Amin -  gentle+A 
Scenario 2Amax -  
aggressive+G 
Impact Variation (%) Impact Variation (%) 
Climate change kg CO2 eq 2.54E+03 2.53E+03 -0.4% 2.55E+03 0.4% 
Ozone depletion kg CFC-11 eq 4.98E-04 4.81E-04 -3.4% 5.06E-04 1.6% 
Human toxicity, non-cancer 
effects 
CTUh 2.04E-04 2.03E-04 -0.5% 2.05E-04 0.5% 
Human toxicity, cancer 
effects 
CTUh 2.69E-05 2.68E-05 -0.4% 2.70E-05 0.4% 
Particulate matter kg PM2.5 eq 1.35E+00 1.34E+00 -0.7% 1.36E+00 0.7% 
Ionizing radiation HH kBq U235eq 1.73E+02 1.68E+02 -2.9% 1.76E+02 1.7% 
Photochemical ozone 
formation 
kg NMVOCeq 9.72E+00 9.64E+00 -0.8% 9.77E+00 0.5% 
Acidification molc H+eq 1.05E+01 1.03E+01 -1.9% 1.06E+01 1.0% 
Terrestrial eutrophication molc Neq 3.06E+01 3.04E+01 -0.7% 3.07E+01 0.3% 
Freshwater eutrophication kg Peq 7.61E-02 7.58E-02 -0.4% 7.63E-02 0.3% 
Marine eutrophication kg Neq 2.80E+00 2.78E+00 -0.7% 2.81E+00 0.4% 
Freshwater ecotoxicity CTUe 2.61E+03 2.60E+03 -0.4% 2.62E+03 0.4% 
Land use kg C deficit 7.62E+03 7.39E+03 -3.0% 7.73E+03 1.4% 
Water depletion m3 water eq 3.06E+01 3.03E+01 -1.0% 3.08E+01 0.7% 
Resource depletion kg Sb eq 3.09E-01 3.08E-01 -0.3% 3.09E-01 0.0% 
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8.5 Scenario 3 - Biofuels 
Scenario 3 has been developed to assess the impact in terms of better environmental 
performances of an increased use of biofuels blended with fossil fuels at various 
percentages. In fact, the pressure of climate change debate, the volatility of energy prices 
and the uncertainty on geopolitical aspects of fossil fuels have pushed forward biofuels and 
ensured a key role for them in energy economy.  
In the EU, the Renewable Energy Directive (RED) (EC, 2016c) requires 10 % of all transport 
fuels to be delivered from renewable sources by 2020 in every Member State. In addition, 
the Fuel Quality Directive (FQD) introduces a mandatory target of a 6 % reduction in the 
greenhouse gas (GHG) intensity of fuels used in road transport and non-road mobile 
machinery by 2020 (compared with the EU-average 2010 level of emissions from fossil 
fuels). Both directives define sustainability criteria that must be met if biofuels are to count 
towards national targets and be eligible for support (Marelli et al., 2015). 
Biofuels can be produced from different raw materials, which environmental impacts are 
different. Bioethanol can be produced from sugar cane, sugar beet, corn and grains (Rudolf 
et al. 2009), and biodiesel can be produced from edible plant oils, e.g. rape, sunflower or 
palm oil, but also waste oils, such as used cooking oils, or animal fats can be used (Ahmia 
et al. 2014). When using cultivated raw materials, the cultivation phase is critical in terms 
of environmental impacts, i.e. yield and amount of fertilizers and plant protection chemicals 
used, but also the impacts due to land use change, if new agricultural land has to be cleared 
because of biofuel production.  
The scenario has been modelled by increasing the share of biodiesel in the EU diesel mix 
by using sugar cane ethanol as a proxy for biofuel production. Biodiesel can be blended 
and used in many different concentrations. To meet the requirements stated by the 
Renewable Energy Directive, the B-23 concentration (23% biodiesel blended with 
petroleum diesel) has been used in modelling the scenario. The airborne emissions coming 
from diesel engines (passenger cars, urban buses and coaches) have been calculated 
taking into account the reduction of some emissions (Table 38) as reported by the emission 
calculator tool9 validated by the Environmental Protection Agency of the United States. The 
tool is based on data from the California Environmental Protection Agency. Those data are 
considered valid also for Europe, because they are independent from the location of fuel 
use and because the characteristics of diesel and biodiesel fuel in Europe and in the US are 
comparable. The model provides average reductions of emissions comparing diesel fuel 
with different blends of biodiesel.  
Table 38. Average biodiesel emissions reduction compared to conventional diesel use  
Emission type B-23 
Carbon monoxide -14% 
Carbon dioxide -17.6% 
Particulate matter -13.7% 
Sulphur dioxide -23% 
Hydrocarbons -22.7% 
The comparison between the baseline scenario 2015 and Scenario 3 (Table 39 and Figure 
25) depicts a clear improvement of those impact categories considered as strategic in 
decreasing air pollution. Thus, the analysis confirms the key role of biofuels in the air-
quality improvement strategy. On the other hand, in line with what stated by several 
authors and reported in Section 7, the scenario performs worse than the baseline for other 
impact categories. The contribution analysis per processes pointed out that for almost all 
the assessed impact categories this is due to the sugar cane production (used in the model 
as a proxy for biofuel production) and its downstream and upstream processes. When 
interpreting these results, it has to be considered that the assumptions made on the type 
                                           
9 http://biodiesel.org/using-biodiesel/handling-use/emissions-calculator 
71 
of crop used to produce the biodiesel can influence the results. More generally, 
environmental impacts of biofuels varies between different studies depending on e.g. 
system boundaries and allocation methods, and if emissions from land use change is 
included or not. For example, climate impact of biodiesel (rape, soy, sunflower) varies 
between 80 and 140 g CO2 eq per km, thus in case of bioethanol from corn, sugar beet or 
wheat the variation is between 100 and 195 g CO2 eq per km, and from sugar cane between 
50 and 75 g CO2 eq per km (Cherubini et al. 2009). In case of biofuels from waste materials 
(used cooking oils, straw etc.), the environmental impacts from cultivation is not included 
in the system boundary, and thus environmental impacts, especially greenhouse gas 
emissions and land use, are lower compared to conventional biofuels (Hirschnitz-Garbers 
& Gosens 2015).  
Table 39. Comparison between baseline scenario 2015 and Scenario 3 (2015) 
Impact category Unit 
Baseline 
scenario 
2015 
Scenario 3 - 
Biofuel = 
23% (2015) 
Variation 
(%) 
Climate change kg CO2 eq 2.54E+03 2.47E+03 -2.8% 
Ozone depletion kg CFC-11 eq 4.98E-04 4.90E-04 -1.6% 
Human toxicity, non-cancer 
effects 
CTUh 2.04E-04 2.20E-04 7.8% 
Human toxicity, cancer effects CTUh 2.69E-05 2.72E-05 1.1% 
Particulate matter kg PM2.5 eq 1.35E+00 1.34E+00 -0.7% 
Ionizing radiation HH kBq U235eq 1.73E+02 1.71E+02 -1.2% 
Photochemical ozone formation kg NMVOCeq 9.72E+00 9.74E+00 0.2% 
Acidification molc H+eq 1.05E+01 1.06E+01 1.0% 
Terrestrial eutrophication molc Neq 3.06E+01 3.11E+01 1.6% 
Freshwater eutrophication kg Peq 7.61E-02 7.82E-02 2.8% 
Marine eutrophication kg Neq 2.80E+00 2.86E+00 2.1% 
Freshwater ecotoxicity CTUe 2.61E+03 2.66E+03 1.9% 
Land use kg C deficit 7.62E+03 7.70E+03 1.0% 
Water depletion m3 water eq 3.06E+01 3.24E+01 5.9% 
Resource depletion kg Sb eq 3.09E-01 3.09E-01 0.0% 
Figure 25. Comparison between baseline scenario 2015 and Scenario 3 (2015) 
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8.6 Scenario 4 – Evolution of batteries in EVs and HEVs 
Future penetration in the market of EVs and HEVs is dependent on numerous factors, 
varying from technical performance characteristics and cost to future behavioural changes 
and fiscal policies. The battery, which is the heart of an electric vehicle and plays a key 
role in the hybrid passenger cars, has a strategic function. The electric battery has evolved 
through generations and is expected to have further improvements in the near future. 
Improving chemical material mix of battery, by employing different combinations of 
cathode and anode materials, will help in reducing the cost, while enhancing its 
performance. Each battery technology varies in terms of safety, performance, cost, energy 
density, specific power and lifetime which is determined by the number and characteristics 
of the charge–discharge sessions. The majority of electric vehicle manufacturers has 
adopted the lithium-ion battery since 2000 and it is the dominant chemistry for pure and 
plug-in hybrid electric vehicles nowadays.  
Scenario 4 focuses on the technological evolution of batteries used in electric and hybrid 
passenger cars. The energy consumption and mass and lifetime battery have been 
considered as strategic parameters to investigate the future trends in the EVs and HEVs 
performances. Since technology in this field evolves very quickly, an uncertainty analysis 
has been carried out taking into consideration, for each parameter, the maximum and 
minimum values reported in literature. 
In the baseline scenario, the ecoinvent dataset for car battery has been used. The use of 
data from ecoinvent instead of more detailed life cycle inventories for car batteries that 
are available from previous studies (including the screening study of the PEF pilot on 
batteries) had the aim to ensure consistency with the models of the other passenger car 
types included in the BoP (which are mainly based on ecoinvent data). However, we noticed 
that the energy consumption for EVs included in the ecoinvent dataset was high (0.199 
kWh/km) in comparison to values reported in other sources. Therefore, a screening of the 
features of EVs sold in Europe in 2016 has been run (Table 40). The energy consumption 
for EVs assumed in the baseline 2015 is the average value reported in Table 40. 
Table 40. Average performances of EVs sold in Europe. 
Company Model 
Battery 
capacity (kWh) 
Range (km) kWh/km 
BMW i3 (2017) 33 190 0.174 
Renault SM3 Z.E 22 185 0.119 
Volkswagen e-Golf 24.2 133 0.182 
Volkswagen e-Up 18.7 128 0.146 
PSA Peugeot iOn 16 128 0.125 
PSA Citroen C-Zero 14.5 128 0.113 
Renault Zoe 22 141 0.156 
Daimler B-class electric drive 28 157 0.178 
FCA 500e 24 139 0.173 
BMW i3 22 130 0.169 
MIN 0.113 
MAX 0.182 
Average 0.154 
Consistently with values reported in Table 40, Nordelöf et al.(2014) state 0.129 and 0.162 
kWh/km respectively as minimum and maximum value of energy consumption for EVs. 
Even Hass et al. (2015) are aligned with the same range, considering 0.11 kWh/km and 
0.14 kWh/km (including charging losses). The relevance of energy consumption for both 
EVs and HEVs has then been assessed by considering the maximum and minimum values 
(highlighted in orange and green, respectively) reported in Table 41.  
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Table 41. Energy consumption variation according to different sources. Minimum and maximum 
highlighted with orange and green. 
Energy  
consumption 
Baseline 
model 
Hass et al. (2015) Nordelöf et al. (2014) 
2010 2020 Min Max 
HEV (kg/km) 0.029 0.0328 0.0216   
EV (kWh/km) 0.154 0.1449 0.1059 0.129 0.162 
The values assumed in the baseline model for the mass of the battery are 262 kg and 60 
kg for EVs and HEVs respectively. Based on data reported in Table 42, such weights 
represent the maximum values compared to other sources. The minimum value for HEVs 
can be retrieved from Hass et al. (2015) in the 2020 configuration, whereas the minimum 
relevant to EVs is reported in Cluzel et al. (2012). The uncertainty relevant to mass battery 
for both EVs and HEVs has then been assessed by considering only the minimum values 
(highlighted in orange) reported in Table 42.  
Table 42. Mass battery variation (kg) according to different sources 
Mass of the 
battery (kg) 
Baseline 
model 
Hass et al. 
(2015) 
BofA Merrill 
Lynch (2016) 
Cluzel et al. 
(2012) 
2010 2020   
HEV 60 34 26   
EV 262 200 175 175.2 110 
Finally, the battery lifetime considered in the LCI of both EVs and HEVs is equal to 100,000 
km. On the contrary, Hass et al. (2015) consider a lifetime of 160,000 km using NEDC, 
value stated even by Nissan10 which guarantees battery performances for 100,000 miles 
(160,935 km). Therefore, to assess the relevance of the lifetime variation, it is has been 
assumed that battery can reach the same lifetime.  
A set of 5 sub-scenarios, in which each parameter has been modified according to literature 
data and considerations done, have been created as reported in Table 43. The sub-scenario 
4e (Optimization) assumes that the best performance for each of the parameters 
considered is implemented in the same scenario, i.e. depicts the maximum improvement 
expected. 
                                           
10 http://www.greencarcongress.com/2010/07/nissan-to-warranty-leaf-battery-for-8-years-100000-miles-
.html#more 
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Table 43. Parameters variation in Scenario 4 (2015) 
Parameter unit 
Baseline 
(2015) 
SC.4a 
Mass 
variation – 
MIN 
(2015) 
SC.4b 
Lifetime 
variation 
SC.4c 
Consumpti
on 
variation – 
MIN 
(2015) 
SC.4d 
Consumptio
n variation 
– MAX 
(2015) 
SC.4e 
Optimizati
on 
Battery 
lifetime EV 
km 100,000 100,000 160,000 (3) 100,000 100,000 160,000 
Battery mass 
EV 
kg 262 110 (2) 262 262 262 110 (2) 
Battery 
lifetime HEV 
km 100,000 100,000 160,000 (3) 100,000 100,000 160,000 
Battery mass 
HEV 
kg 60 26 (3) 60 60 60 26  
Consumption 
EV 
kWh/km 0.154 (1) 0.154 0.154 0.1059 (3) 0.162 (4) 0.1059 
Consumption 
HEV 
kg/km 0.0295 0.0295 0.0295 0.0216 (3) 0.0328 (3) 0.0216  
(1) Average EVs performances in the EU28 market. 
(2) Cluzel et al., 2012. 
(3) Hass et al., 2015. 
(4) Nordelöf et al. (2014). 
Table 44 and Figure 26 show the environmental impacts of the 5 sub-scenarios and the 
comparison with the baseline scenario 2015. Considering the whole passenger mobility and 
all life-cycle stages of each sub-product, the analysis depicts a slight improvement 
(highlighted in orange in Table 44) in some impact categories and with a different 
distribution according to the technical improvement considered. In fact, the 5 sub-
scenarios show results that are similar to the ones of the baseline scenario 2015 as clearly 
highlighted in Figure 26. This is due to the modest share (less than 0,5%) of hybrid and 
electric vehicles in the baseline scenario 2015 fleet, as reported in Annex 8.  
Figure 26. Comparison between baseline scenario 2015 and Scenario 4 
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An interesting insight is obtained by considering the environmental performances of EVs 
and HEVs as a stand-alone category, i.e. excluding all the other mobility products from the 
assessment. Figure 27 and Figure 28 show the changes obtained through the different 
improvements introduced in the sub-scenarios, which help to understand the effectiveness 
of different strategies to push forward electrical mobility. 
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Table 44. Comparison between baseline scenario 2015 and Scenario 4 (2015) 
Impact category Unit 
Baseline 
scenario 
2015 
Sc.4a - Battery mass 
variation (2015) – 
lower values 
Sc.4b - Battery 
lifetime variation 
(2015) 
Sc.4c - Battery 
consumption variation – 
MIN values (2015) 
Sc.4d - Battery 
consumption variation 
– MAX values (2015) 
Optimization (2015) 
Climate change kg CO2 eq 2.54E+03 2.54E+03 0.00% 2.54E+03 0.00% 2.54E+03 0.00% 2.54E+03 0.00% 2.54E+03 0.00% 
Ozone depletion kg CFC-11 eq 4.98E-04 4.98E-04 0.00% 4.98E-04 0.00% 4.97E-04 -0.20% 4.98E-04 0.00% 4.97E-04 -0.20% 
Human toxicity, non-
cancer effects 
CTUh 2.04E-04 2.04E-04 0.00% 2.04E-04 0.00% 2.04E-04 0.00% 2.04E-04 0.00% 2.04E-04 0.00% 
Human toxicity, cancer 
effects 
CTUh 2.69E-05 2.69E-05 0.00% 2.69E-05 0.00% 2.69E-05 0.00% 2.69E-05 0.00% 2.69E-05 0.00% 
Particulate matter kg PM2.5 eq 1.35E+00 1.35E+00 0.00% 1.35E+00 0.00% 1.35E+00 0.00% 1.35E+00 0.00% 1.35E+00 0.00% 
Ionizing radiation HH kBq U235eq 1.73E+02 1.73E+02 0.00% 1.73E+02 0.00% 1.73E+02 0.00% 1.73E+02 0.00% 1.73E+02 0.00% 
Photochemical ozone 
formation 
kg NMVOCeq 9.72E+00 9.72E+00 0.00% 9.72E+00 0.00% 9.72E+00 0.00% 9.73E+00 0.10% 9.72E+00 0.00% 
Acidification molc H+eq 1.05E+01 1.05E+01 0.00% 1.05E+01 0.00% 1.05E+01 0.00% 1.05E+01 0.00% 1.05E+01 0.00% 
Terrestrial eutrophication molc Neq 3.06E+01 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 
Freshwater 
eutrophication 
kg Peq 7.61E-02 7.61E-02 0.00% 7.61E-02 0.00% 7.61E-02 0.00% 7.61E-02 0.00% 7.60E-02 -0.13% 
Marine eutrophication kg Neq 2.80E+00 2.80E+00 0.00% 2.80E+00 0.00% 2.80E+00 0.00% 2.80E+00 0.00% 2.80E+00 0.00% 
Freshwater ecotoxicity CTUe 2.61E+03 2.61E+03 0.00% 2.61E+03 0.00% 2.61E+03 0.00% 2.61E+03 0.00% 2.61E+03 0.00% 
Land use kg C deficit 7.62E+03 7.62E+03 0.00% 7.62E+03 0.00% 7.61E+03 -0.13% 7.62E+03 0.00% 7.61E+03 -0.13% 
Water depletion m3 water eq 3.06E+01 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 3.06E+01 0.00% 
Resource depletion kg Sb eq 3.09E-01 3.08E-01 -0.32% 3.09E-01 0.00% 3.09E-01 0.00% 3.09E-01 0.00% 3.08E-01 -0.32% 
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Figure 27. Environmental performances of EVs according to the technological improvement considered in Scenario 4 (1 km travelled) 
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Figure 28. Environmental performances of HEVs according to the technological improvement considered in Scenario 4 (1 km travelled) 
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More in detail, both EVs and HEVs show that consumption has a fundamental role in the 
technological evolution of battery. In fact, the highest values for all the assessed impact 
categories are related to the maximum values of battery consumption. On the contrary, lower 
energy consumption and battery weight reduction depict an improvement of almost all the 
impact categories. The scenario in which all the technological improvements are 
simultaneously considered highlights, for some impact categories, a decrease of even 35% 
and 25%, for EVs and HEVs respectively. 
For this reason, a sensitivity analysis within the 2030 fleet has been performed in order to 
evaluate the overall improvement given by a higher share of EVs and HEVs in the EU fleet 
(Table 45 and Figure 29). 
Figure 29 reports the reductions obtained per each impact category through the different 
improvements introduced in the 2030 fleet. Such reductions show highest percentages, even 
if still limited, which are relevant to freshwater eutrophication (up to 9% in the sub-scenario 
“optimization”), water resource depletion and ionizing radiation impact categories. On the 
contrary, the scenario in which the highest value of battery consumption has been assumed 
denotes an increase of all the impact categories, as already pointed out in Figure 27 and 
Figure 28. However, this increase is below 1% for all impact categories except ionising 
radiation (for which it is 1.1%). 
Figure 29. Comparison between Scenario 1 (2030) and Scenario 4 (2030) 
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Table 45. Comparison between Scenario 1 (2030) and Scenario 4 (2030) 
Impact category Unit 
Baseline 
scenario 
2030 
Sc.4a - Battery mass 
variation (2030) – 
lower values 
Sc.4b - Battery 
lifetime variation 
(20130) 
Sc.4c - Battery 
consumption variation 
– MIN values (2030) 
Sc.4d - Battery 
consumption 
variation – MAX 
values (2030) 
Optimization (2030) 
Climate change kg CO2 eq 2.94E+03 2.94E+03 0.00% 2.94E+03 0.00% 2.92E+03 -0.68% 2.95E+03 0.34% 2.92E+03 -0.68% 
Ozone depletion kg CFC-11 eq 5.42E-04 5.41E-04 -0.18% 5.41E-04 -0.18% 5.33E-04 -1.66% 5.46E-04 0.74% 5.31E-04 -2.03% 
Human toxicity, non-
cancer effects 
CTUh 2.46E-04 2.41E-04 -2.03% 2.42E-04 -1.63% 2.44E-04 -0.81% 2.46E-04 0.00% 2.38E-04 -3.25% 
Human toxicity, cancer 
effects 
CTUh 3.06E-05 3.04E-05 -0.65% 3.05E-05 -0.33% 3.05E-05 -0.33% 3.07E-05 0.33% 3.02E-05 -1.31% 
Particulate matter kg PM2.5 eq 1.37E+00 1.36E+00 -0.73% 1.37E+00 0.00% 1.36E+00 -0.73% 1.38E+00 0.73% 1.35E+00 -1.46% 
Ionizing radiation HH kBq U235eq 1.95E+02 1.94E+02 -0.51% 1.94E+02 -0.51% 1.90E+02 -2.56% 1.96E+02 0.51% 1.90E+02 -2.56% 
Photochemical ozone 
formation 
kg NMVOCeq 1.08E+01 1.08E+01 0.00% 1.08E+01 0.00% 1.08E+01 0.00% 1.09E+01 0.93% 1.07E+01 -0.93% 
Acidification molc H+eq 1.19E+01 1.18E+01 -0.84% 1.18E+01 -0.84% 1.17E+01 -1.68% 1.19E+01 0.00% 1.16E+01 -2.52% 
Terrestrial eutrophication molc Neq 3.32E+01 3.31E+01 -0.30% 3.31E+01 -0.30% 3.30E+01 -0.60% 3.32E+01 0.00% 3.28E+01 -1.20% 
Freshwater 
eutrophication 
kg Peq 1.09E-01 1.03E-01 -5.50% 1.05E-01 -3.67% 1.08E-01 -0.92% 1.10E-01 0.92% 9.99E-02 -8.35% 
Marine eutrophication kg Neq 3.03E+00 3.02E+00 -0.33% 3.02E+00 -0.33% 3.01E+00 -0.66% 3.03E+00 0.00% 3.00E+00 -0.99% 
Freshwater ecotoxicity CTUe 3.01E+03 2.99E+03 -0.66% 3.00E+03 -0.33% 3.00E+03 -0.33% 3.01E+03 0.00% 2.98E+03 -1.00% 
Land use kg C deficit 8.26E+03 8.25E+03 -0.12% 8.25E+03 -0.12% 8.14E+03 -1.45% 8.31E+03 0.61% 8.12E+03 -1.69% 
Water depletion m3 water eq 4.09E+01 4.05E+01 -0.98% 4.06E+01 -0.73% 3.93E+01 -3.91% 4.12E+01 0.73% 3.88E+01 -5.13% 
Resource depletion kg Sb eq 3.24E-01 3.22E-01 -0.62% 3.22E-01 -0.62% 3.24E-01 0.00% 3.24E-01 0.00% 3.20E-01 -1.23% 
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8.7 Scenario 5 - Modal shift 
Public transport is considered an efficient way to reduce urban congestion and environmental 
emissions, as stated in the White Paper (EC, 2011a) and in the Review of the Action Plan on 
Urban Mobility (EC, 2011c). Scenario 5 is related to the effect of modal shift, by assuming a 
decrease of kilometres travelled by private passenger cars in favour of more sustainable 
options, e.g. public transport, bicycle or by foot. The scenario acts only on the share of 
kilometres travelled in urban area (30% of the total, see Table 36). In order to understand 
the potential effect of this transition, a set of 3 sub-scenarios have been created by supposing 
different percentages of such a shift, respectively 2% (scenario 5A), 5% (scenario 5B) and 
10% (scenario 5C) compared to the baseline. For all scenarios, it has been assumed that 90% 
of the travellers that shift from private cars to other means of transport will use urban buses 
and 10% will use bicycles or feet. Therefore, the kilometres travelled by urban buses (diesel 
and CNG) have been increased coherently with this assumption. In Annex 13 the calculations 
done and the new fleet composition by 2015 according to the assumptions explained are 
reported. Table 46 and Figure 30 illustrate the comparison between the baseline scenario 
2015 and Scenario 5.  
Figure 30. Comparison between baseline scenario 2015 and Scenario 5 (2015) 
 
The sub-scenarios representing a gradual increase of kilometres travelled by public transport, 
by bicycle or by foot in substitution of passenger cars, show a slight reduction (below 2%), in 
terms of environmental burdens, for most of the impact categories. However, for some 
categories (human toxicity non-cancer effects, particulate matter, freshwater ecotoxicity and 
water resource depletion) there is a significant increase in the impact, proportionally to the 
share of modal shift assumed in the sub-scenarios. A contribution analysis highlighted that 
this is due to the increase of the kilometres travelled by urban buses and to the related tyres 
and brake wear emissions. Therefore, to improve the effects of the shift from private cars to 
public transport, an improvement of the environmental performance of the bus fleet (including 
solutions to reduce tyres and break wear emissions) should be envisaged. It has to be 
considered that the results are affected by the limitations of the model (which does not include 
urban transport by metro and trams). In case those means of transport were considered (e.g. 
by refining the model with a more detailed focus on urban mobility), a smaller increase in 
impacts is expected). Similarly, the emission profile included in the model takes into account 
the typical EU28 route (Table 36). In case the specific profile for urban travelling would be 
applied, the expected reduction of emissions could be higher. 
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Table 46. Comparison between baseline scenario 2015 and Scenario 5 (2015) 
Impact category Unit 
Baseline 
scenario 
2015 
Sc. 5A - Modal Shift 
2% 
Sc. 5B - Modal Shift 
5% 
Sc. 5C - Modal Shift 
10% 
Impact % Impact % Impact % 
Climate change kg CO2 eq 2.54E+03 2.54E+03 -0.2% 2.53E+03 -0.6% 2.51E+03 -1.2% 
Ozone depletion 
kg CFC-11 
eq 
4.98E-04 4.97E-04 -0.1% 4.96E-04 -0.3% 4.94E-04 -0.6% 
Human toxicity, 
non-cancer 
effects 
CTUh 2.04E-04 2.10E-04 2.8% 2.18E-04 7.0% 2.32E-04 13.9% 
Human toxicity, 
cancer effects 
CTUh 2.69E-05 2.69E-05 0.0% 2.70E-05 0.1% 2.70E-05 0.1% 
Particulate 
matter 
kg PM2.5 eq 1.35E+00 1.37E+00 1.6% 1.41E+00 4.0% 1.46E+00 8.0% 
Ionizing radiation kBq U235eq 1.73E+02 1.73E+02 -0.2% 1.72E+02 -0.5% 1.71E+02 -1.1% 
Photochemical 
ozone formation 
kg 
NMVOCeq 
9.72E+00 9.72E+00 -0.1% 9.71E+00 -0.2% 9.69E+00 -0.4% 
Acidification molc H+eq 1.05E+01 1.05E+01 -0.1% 1.05E+01 -0.1% 1.05E+01 -0.3% 
Terrestrial 
eutrophication 
molc Neq 3.06E+01 3.06E+01 0.0% 3.06E+01 0.0% 3.06E+01 -0.1% 
Freshwater 
eutrophication 
kg Peq 7.61E-02 7.60E-02 -0.2% 7.58E-02 -0.5% 7.54E-02 -0.9% 
Marine 
eutrophication 
kg Neq 2.80E+00 2.80E+00 0.0% 2.80E+00 0.0% 2.80E+00 -0.1% 
Freshwater 
ecotoxicity 
CTUe 2.61E+03 2.75E+03 5.3% 2.96E+03 13.2% 3.30E+03 26.4% 
Land use kg C deficit 7.62E+03 7.59E+03 -0.3% 7.56E+03 -0.7% 7.51E+03 -1.4% 
Water depletion m3 water eq 3.06E+01 3.07E+01 0.3% 3.08E+01 0.7% 3.10E+01 1.3% 
Resource 
depletion 
kg Sb eq 3.09E-01 3.08E-01 -0.2% 3.07E-01 -0.5% 3.05E-01 -1.1% 
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9 Summary of main findings from the scenario analysis 
Table 47 represents a summary of the results of the scenarios assessed for the BoP mobility, as variation (%) of impact compared 
to the baseline scenario with reference year 2015. Results that show an increase compared to the baseline 2015 are highlighted 
in red, whereas results that show a reduction are highlighted in green.  
 
Table 47. Summary of results of the scenarios analysed. Results are expressed as variation (%) compared to the baseline (1) 
 
(1) Abbreviations: GWP (Climate change), ODP (Ozone depletion), HTP nc (Human toxicity, non-cancer effects), HTP c (Human toxicity, cancer effects), PMFP 
(Particulate matter), IRP (Ionizing Radiation HH), POFP (Photochemical ozone formation), AP (Acidification), TEP (Terrestrial eutrophication), FEP (Freshwater 
eutrophication), MEP (Marine eutrophication), FETP (Freshwater ecotoxicity), LU (Land use), WRD (Water resource depletion), RD (Resource depletion). 
 
 
GWP ODP HTP nc HTP c PMFP IRP POFP AP TEP FEP MEP FETP LU WRD RD
SC.1: Evolution of fleet composition in 2030 15.7% 8.8% 20.6% 13.8% 1.5% 12.7% 11.1% 13.3% 8.5% 43.2% 8.2% 15.3% 8.4% 33.7% 4.9%
SC.2a: Eco Driving - Gentle with tyre class A -0.4% -3.4% -0.5% -0.4% -0.7% -2.9% -0.8% -1.9% -0.7% -0.4% -0.7% -0.4% -3.0% -1.0% -0.3%
SC.2b: Eco Driving - Aggressive with tyre class G 0.4% 1.6% 0.5% 0.4% 0.7% 1.7% 0.5% 1.0% 0.3% 0.3% 0.4% 0.4% 1.4% 0.7% 0.0%
SC.3: Biofuels -2.8% -1.6% 7.8% 1.1% -0.7% -1.2% 0.2% 1.0% 1.6% 2.8% 2.1% 1.9% 1.0% 5.9% 0.0%
SC.4a: Evolution of batteries - Mass variation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.3%
SC.4b: Evolution of batteries - Lifetime variation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SC.4c: Evolution of batteries - Consumption variation MIN 0.0% -0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% 0.0%
SC.4d Evolution of batteries - Consumption variation MAX 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
SC.4e: Evolution of batteries - Optimization 0.0% -0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% 0.0% -0.1% 0.0% -0.3%
SC.5a: Modal shift of 2% -0.2% -0.1% 2.8% 0.0% 1.6% -0.2% -0.1% -0.1% 0.0% -0.2% 0.0% 5.3% -0.3% 0.3% -0.2%
SC.5b: Modal shift of 5% -0.6% -0.3% 7.0% 0.1% 4.0% -0.5% -0.2% -0.1% 0.0% -0.5% 0.0% 13.2% -0.7% 0.7% -0.5%
SC.5c: Modal shift of 10% -1.2% -0.6% 13.9% 0.1% 8.0% -1.1% -0.4% -0.3% -0.1% -0.9% -0.1% 26.4% -1.4% 1.3% -1.1%
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The amount of km travelled by European citizens plays a relevant role in the assessment of 
the scenarios representing possible improvement options for the sector, as it was for the 
baseline scenario. Indeed, the number of km travelled yearly by an average European citizen 
is constantly growing over time. This is reflected in the larger impact (over all the impact 
categories considered) of the baseline for the reference year 2015 over the baseline 2010 and 
of the scenario 1 (expected situation in 2030) over the baselines 2015 and 2010. 
The increase of the pkm travelled, and the relative increase of the share of air transport over 
the total mobility, offset the reduction of the impact per km travelled achieved through the 
introduction of cars compliant to the new emission standards (Euro 6) and through the 
increase of electric and hybrid vehicles. 
In particular, the expected improvements coming from the research and development in the 
technology of electric and hybrid cars, and especially on the batteries, could lead to a 
reduction of the impact of these types of vehicles up to 40% (e.g. impact of improved EV on 
freshwater eutrophication, compared to the current performance of EV). However, the 
relevance of these improvements on the overall impact of the BoP (i.e. of the mobility of EU 
citizens) is strongly dependent on the share of vehicles in the fleet and the share of kms 
travelled. 
In the framework of the emissions reduction, the combination of eco-driving style and proper 
car equipment can reduce the environmental impacts of passenger cars mobility. Additional 
actions in this direction could be keeping the vehicle in good maintenance (e.g. check tyres 
pressure), cutting payloads and using electrical equipment (e.g. air conditioning) with 
moderation. 
Increasing the share of biodiesel in the EU diesel mix can potentially reduce the environmental 
burdens on those impact categories relevant to air pollution and global warming, but may 
lead to an increase impact in categories that are more affected by agricultural processes.  
Regarding the shift from private car to public transport in urban areas, according to the model 
analysed there could be a slight increase of the impact in some impact categories, due to an 
increase in the brake wear and tyre wear emissions of buses. Of course, a shift towards more 
sustainable types of mobility, such as cycling or walking, which are compatible with the need 
of covering short distances in urban areas, can be a more efficient way to cut the impact 
coming from passenger mobility. 
In general, the impact reduction expected from the single solutions tested in the scenarios 
has a limited effect on the overall impact of the BoP (i.e. of the consumption area of mobility). 
As for the other areas of consumption analysed by the Consumer Footprint indicators, the 
combination of several measures can help to maximize the expected improvement. 
Specifically for the mobility sector, a reduction of the total kms travelled by road, rail or air 
means of transport (e.g. by increasing the kms travelled by bicycle or by walking, whenever 
possible), is needed, to avoid that the reduction of impact achieved through technological 
improvements is offset by the continuous increase in the amount of pkm over time. 
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10 Conclusions 
The baseline model of the BoP mobility is built using statistics about European fleet 
composition and intensity of use by European citizens, i.e. the number of kilometres travelled 
with road, rail and air transport. These data are then allocated to 27 representative products, 
including 16 types of passenger cars, 3 types of 2-wheelers, 3 types of bus transport, 2 types 
of rail transport and 3 types of air transport. An analysis of vehicle-km and passenger-km 
intensity, detailed at the level of countries as far as possible, has been carried out to define 
the composition of the baseline scenario in terms of types of vehicles and kms travelled. In 
addition, detailed emission profiles are associated to each type of vehicle, according to the 
year of production and related Euro standard profiles. 
The baseline model was assessed using ILCD impact assessment method. A sensitivity 
analysis was done using a revised version of the ILCD method (called here “LCIA-LCIND2”), 
where some impact categories were updated with a selection of recent impact assessment 
models and factors. 
The main hotspot of the mobility of European citizens is, road traffic. Within this category, 
passenger cars are the most contributing mean of transport. This is due to the share of pkm 
travelled compared to other means and to the specific emissions of these sub-products 
(especially of diesel cars). The most relevant impact category for the BoP mobility is resource 
depletion, followed by human toxicity, cancer effects. However, these results should be 
carefully interpreted because there are some known issues related to the robustness of the 
impact assessment models for toxicity-related impacts. According to Zampori et al. (2017), 
only 50% of the elementary flows contributing to toxicity are characterised by the impact 
assessment models currently available. EC-JRC is looking at the improvement of the issues 
and that limitations of current model and the way forward are discussed in Saouter et al. 
(2017a and 2017b).When the contribution of fossil resources and mineral resources is 
analysed separately, as in the LCIA-LCIND2 method, the impact of fossil resources (linked to 
fuel production) is larger than the one on mineral resources (more linked to vehicle 
production). The contribution of life cycle stages to the overall impact of the BoP mobility 
varies among impact categories. The most relevant ones are vehicle usage, and especially 
the emissions from fuel burning in internal combustion engines, fuel production and vehicle 
production. Among the fuels used by the European vehicle fleet, diesel fuel is the one 
emerging as a hotspot in several impact categories, because of the emissions coming from 
the combustion of this type of fuel. 
Due to the relevance of kms travelled and the fact that the number of kms travelled by 
European citizens is rapidly growing over time, a second version of the baseline scenario, 
updated to the reference year 2015, was created before starting with the scenario analysis. 
The baseline 2015 is built following the structure of the previous project on BoP on mobility 
(add REF) in which the baseline was for 2010 but with updated data on the intensity of use 
of the different means of transport. The 2015 baseline was used in the comparison for the 
scenarios tested. Other scenarios developed for the BoP mobility refer to the use of eco-
driving measures (including technical and behavioural changes), an increased use of biofuels 
in substitution of the current blend of diesel, the evolution of hybrid and electric mobility (in 
terms of the share that hybrid and electric vehicles will have on the European fleet and of the 
expected increase in the efficiency of the batteries), and, finally, one scenario directly related 
to changes in the lifestyle of European citizens, namely the shift of a portion of their mobility 
habits from private cars to public buses, for what concern the mobility in urban areas.  
What emerged from the scenarios is that most of the measures tested have a positive effect 
on the reduction of impacts from the passenger mobility in Europe with the exception 
(comment how significant this is and for which cases and where are these higher impacts). 
However, the impact reduction expected from the single solutions explored in the scenarios 
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has a limited effect on the overall impact of the BoP, especially because the factor that 
influences most the results is the amount of kms travelled by European citizens. Indeed, the 
number of person*km (pkm) travelled yearly by an average European citizen is constantly 
growing over time. This is reflected in the larger impact (over all the impact categories 
considered) of the baseline for the reference year 2015 over the baseline 2010 and of the 
scenario 1 (expected situation in 2030) over the baselines 2015 and 2010. The increase of 
the pkm travelled, and the relative increase of the share of air transport over the total 
mobility, offset the reduction of the impact per km travelled achieved through the introduction 
of cars compliant to the new emission standards (Euro 6) and through the increase of electric 
and hybrid vehicles.  
To maximize the results of all the possible improvement measures for the mobility sector, a 
combined implementation of all possible options to optimize the use of transport means and 
to reduce the associated burden should be planned. This should include both the technological 
advancement in the field of fuel efficiency and alternative fuels (biofuels or electricity), but 
also a behavioral change towards more sustainable lifestyles, with a less intensive use of 
private cars as far as possible (e.g. in urban areas). A reduction of the total kms travelled by 
road, rail or air means of transport (e.g. by increasing the kms travelled by bicycle or by 
walking, when possible), is needed, to avoid that the reduction of impact achieved through 
technological improvements is offset by the continuous increase in the amount of pkm over 
time. 
When interpreting these results it is important to take into account methodological 
assumptions made and present limitations of the model and/or of the environmental impact 
assessment method used. The most relevant limitations are the following: 
— As for any LCI model, there are some assumptions that can influence the 
representativeness of results. In the case of the BoP Mobility, these are: the use of one 
type of car (Volkswagen Golf) as starting point for developing the models of all passenger 
cars, the lack of passenger*kilometres data for some of the EU countries, the use of 
Portuguese statistics on 2W age distribution and the use of datasets for road infrastructure 
that are based on Swiss conditions. However, as the use phase is dominant compared to 
all the others, it can be reasonably assumed that the results obtained will not change 
significantly if these assumptions are improved. 
— Benefits from recycling of materials at the end of life of vehicles can play a significant role. 
When the benefits are included (System S+R), the contribution of the end of life stage is 
negative, i.e. it reduces the impacts coming from other stages up to 18% (e.g. in the 
resource depletion impact category). 
— As for any LCIA method, the ILCD method is not able to characterize all the elementary 
flows in the inventory (this means that emissions that cannot be quantified in terms of 
environmental impacts are not calculated in the final results). Therefore, the possible 
influence of the flows that are currently not mapped (e.g. BOD, COD, TOC, etc.) should 
be taken into account when interpreting the results. 
— Finally, the relevance of some impact categories changes significantly when global 
normalisation factors are applied. For instance, the relevance of resource depletion can 
vary from 45% (with EU-27 normalisation factors) to 17% (when using the global ones). 
Nonetheless, thanks to the detailed modelling of the European fleet and the related emission 
profiles for the use phase, the results of the scenarios can be considered reliable and 
potentially relevant in support to policies in the passenger mobility sector. Those results are 
considered to represent the current state-of-the-art regarding LCA based calculations. The 
developed LCAs are in line with the International Life Cycle Data system (ILCD) guidelines 
and follow to the extent it is possible and relevant the environmental footprint methods as 
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published in the Communication "Building the Single Market for Green Products" (EC, 2013a). 
In addition, the quality of the models has been ensured by periodical consistency checks and 
model refinements. In order to allow for periodical updates, the models has been built with a 
parametric approach. Hence, for example, the amount and structure of the EU passenger 
mobility fleet and related mobility needs can be updated to more recent reference years using 
data taken from Eurostat, as demonstrated with the baseline 2015 and the scenario on the 
expected fleet composition and intensity of use in 2030. 
Finally, the structure of the BoP and the possibility to build scenarios acting on user behaviour 
can be useful in light of the current increasing interest in behaviour- oriented policies.  
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Annexes 
ANNEX 1 – Detailed description of the fleet for road mobility  
The data sources used for defining and modelling the Mobility basket of products are described 
below. The road transport sector was modelled using the existing Eurostat data sets (Eurostat, 
2014b) for EU27 countries, which included the following variables: 
1. Number of vehicles per vehicle technology for several years (for passenger cars, buses, 
coaches and two-wheelers, considering the fuel use of gasoline, diesel and LPG – liquefied 
petroleum gas). These datasets include passenger cars, independently of whether they 
are used for private or business  purposes; 
2. Engine displacement distribution time series (for passenger cars and two-wheeler); and 
3. Vehicle age distribution time series (for passenger cars and buses). The vehicle age 
distribution allows characterizing different Euro Standards (EC, 2007), which have 
imposed in the last two decades reductions in local pollutants emissions. 
The existing dataset does not cover all the EU27 countries and, as a consequence, the 
following assumptions were performed: 
1. Variables without an attributed value in 2010 were given the existing value in the closest 
year; 
2. Countries without any data were characterized by the same normalized characteristics of 
comparable countries. For instance, when the disaggregation between gasoline and diesel 
fuel use was not available, it was assumed that Bulgaria has a similar shares of gasoline 
vehicles than Romania, that Denmark is similar to Sweden, Greece to Portugal, Lithuania 
to Latvia, and Slovakia to Czech Republic. 
This first global analysis of the road transport fleet composition concerned the motorization 
curves along time (Figure 31). While the number of buses per 1000 inhabitants has been 
constant, the number of passenger cars per 1000 inhabitants presents an increasing trend 
(7% in the last decade). The same is verified with the 2W evolution, which presents a 33% 
increase from 2003 to 2012. 
Figure 31. EU27 Motorization curves (number of vehicles per 1000 inhabitants) for Passenger cars, 
Buses and 2W (Eurostat, 2014b) 
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The global road transport basket-of-product per country is presented in Table 48. It accounted 
for up to 236 million passenger cars, 34 million two-wheelers and 873 thousand buses in 
2010. 
Table 48. Road transport basket of products in EU27, in 2010 (Eurostat, 2014b) 
Country 
Number of 
passenger 
cars 
(million) 
Number of 2W (million) 
Number of buses 
(thousands) 
Mopeds Motorcycles Urban Bus Coach 
Austria 4.44 0.30 0.39 8.84 0.81 
Belgium 5.28 0.12 0.42 14.79 1.44 
Bulgaria 2.60 0.06 0.07 22.26 2.20 
Cyprus 0.46 0.02 0.02 2.23 1.17 
Czech Republic 4.50 0.48 0.92 17.45 2.20 
Denmark 2.58 0.06 0.14 13.32 1.13 
Estonia 0.55 0.01 0.02 3.92 0.36 
Finland 2.88 0.26 0.23 12.44 1.21 
France 30.70 1.26 1.25 82.59 7.86 
Germany 42.30 1.74 3.83 69.76 6.70 
Greece 3.84 1.62 0.97 25.09 2.41 
Hungary 3.01 0.00 0.20 16.17 1.55 
Ireland 1.88 0.04 0.04 9.24 0.87 
Italy 36.75 2.55 6.31 91.38 8.52 
Latvia 0.64 0.02 0.02 5.20 0.47 
Lithuania 1.69 0.02 0.04 12.58 1.15 
Luxembourg 0.33 0.03 0.02 1.48 0.14 
Malta 0.23 0.01 0.01 0.11 0.01 
Netherlands 7.74 0.53 0.64 10.33 0.95 
Poland 17.24 0.92 1.01 95.79 1.58 
Portugal 4.69 0.29 0.21 14.07 1.35 
Romania 4.32 0.01 0.08 38.04 2.60 
Slovakia 1.67 0.03 0.06 8.86 0.76 
Slovenia 1.06 0.04 0.05 2.25 0.15 
Spain 22.15 2.29 2.71 56.97 5.48 
Sweden 4.34 0.09 0.28 12.35 1.05 
United Kingdom 28.42 0.08 1.15 157.02 14.18 
Total 236.30 12.87 21.08 804.53 68.32 
 
The vehicle fleet characterization in terms of vehicle technology and engine displacement is 
presented in Table 49, with 62% of gasoline vehicles and an engine capacity below 2 l. 
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Table 49. Characterization of Passenger cars basket of products (Eurostat, 2014b) in percentage (%), 
in 2010 
Country 
Vehicle technology 
distribution 
Engine displacement distribution 
Gasoline vehicles Diesel vehicles 
% 
gasoline 
% 
diesel 
% LPG <1.4 l 1.4-2 l >2 l <2 l >2 l 
Austria 45 55 0 55 35 10 81 19 
Belgium 39 60 1 61 31 8 85 15 
Bulgaria 69 31 0 71 27 2 83 17 
Cyprus 90 10 0 39 58 4 39 61 
Czech Republic 73 27 0 66 31 4 81 19 
Denmark 86 14 0 17 59 27 47 33 
Estonia 75 25 0 19 63 18 55 45 
Finland 80 19 0 25 63 13 59 41 
France 48 52 0 62 34 4 84 16 
Germany 72 27 1 44 46 10 74 32 
Greece 55 44 1 84 15 2 80 20 
Hungary 80 20 0 69 28 2 81 19 
Ireland 82 18 0 45 45 9 75 24 
Italy 56 38 5 46 52 2 84 16 
Latvia 67 33 0 19 63 18 55 45 
Lithuania 71 29 0 19 63 18 55 45 
Luxembourg 38 62 0 35 43 22 74 26 
Malta 72 28 0 80 18 2 89 11 
Netherlands 80 17 3 43 41 15 73 27 
Poland 61 22 14 63 34 3 83 17 
Portugal 55 44 1 84 15 2 80 20 
Romania 69 31 0 71 27 2 83 17 
Slovakia 73 27 0 66 31 4 81 19 
Slovenia 65 35 0 60 37 3 83 17 
Spain 48 52 0 50 43 7 87 13 
Sweden 86 14 0 17 59 27 47 33 
United Kingdom 71 29 0 45 45 9 75 24 
Total 62 35 2 50 43 8 81 20 
 
Other assumptions performed were: 
— No engine displacement disaggregation was considered for LPG vehicles; 
— All mopeds consider an engine displacement of 50 cm3, using a two-stroke petrol blend; 
— The bus and coach category was represented by standard 12 meter buses; and 
— The distribution of buses between urban buses and coaches was based on the vehicle-
kilometres travelled in urban and rural contexts (assumed for urban buses) versus 
highway conditions (assumed for coaches), provided by Eurostat (2014b). This results in 
an average distribution of 90% urban bus to 10% coach. 
Additionally, the age distribution was characterized for each vehicle type. Table 50 presents 
the age distribution, which was calculated for passenger cars and buses based on the Eurostat 
age distribution categories (less than 2 years, 2 to 5 years, 5 to 10 years, more than 10 
years) and adapted to include the Euro standard implementation years. For the two-wheelers, 
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since no EU27 data was available, the Portuguese 2W age distribution was used (Autoinforma, 
2014). Since it corresponds to a small percentage of the mobility basket of products and the 
assumption simply distributes the total number of 2W per Euro standard, it is considered not 
to affect the outputs significantly. 
Table 50. Estimated EU27 age distribution for road transport basket of products (percentage), in 
2010 
Euro 
Standard 
Passenger cars 2W Buses 
Year 
Age 
distribution 
(%) 
Year 
Age 
distribution 
(%) 
Year 
Age 
distribution 
(%) 
Conventional <1992 20 <1999 31 <1992 31 
Euro 1 1992 20 1999 27 1992 24 
Euro 2 1996 19 2005 22 1996 18 
Euro 3 2000 17 2007 20 2000 13 
Euro 4 2005 14 - - 2005 8 
Euro 5 2009 10 - - 2008 5 
As a result of this analysis the following vehicle categories were created (Table 51.). These 
vehicles categories are the fleet composition basis for the road transport. 
Table 51. EU27 fleet composition for the vehicle categories considered, in 2010 
Vehicle 
type 
Fuel type 
Engine 
displacement 
Euro Standard 
Number of 
vehicles 
(thousands) 
Passenger 
Cars 
Gasoline 
0.8 – 1.4 L 
PRE ECE/Conventional 14995 
Euro 1 14371 
Euro 2 13598 
Euro 3 12585 
Euro 4 10605 
Euro 5 7015 
1.4 - 2.0 L 
PRE ECE/Conventional 12817 
Euro 1 12284 
Euro 2 11623 
Euro 3 10757 
Euro 4 9065 
Euro 5 5997 
>2.0 L 
PRE ECE/Conventional 2269 
Euro 1 2174 
Euro 2 2057 
Euro 3 1904 
Euro 4 1605 
Euro 5 1061 
Diesel 
<2.0 L 
PRE ECE/Conventional 13725 
Euro 1 13154 
Euro 2 12447 
Euro 3 11519 
Euro 4 9707 
Euro 5 6421 
>2.0 L 
PRE ECE/Conventional 3377 
Euro 1 3237 
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Vehicle 
type 
Fuel type 
Engine 
displacement 
Euro Standard 
Number of 
vehicles 
(thousands) 
Euro 2 3063 
Euro 3 2834 
Euro 4 2388 
Euro 5 1580 
LPG 
PRE ECE/Conventional 1047 
Euro 1 1003 
Euro 2 949 
Euro 3 878 
Euro 4 740 
Euro 5 490 
Two 
wheelers 
Mopeds 2-stroke <50 cm³ 
Conventional 3985 
Euro 1 3489 
Euro 2 2875 
Euro 3 2516 
Motorcycles 
2-stroke >50 cm³ 
Conventional 985 
Euro 1 862 
Euro 2 710 
Euro 3 622 
4-stroke <250 cm³ 
Conventional 1874 
Euro 1 1641 
Euro 2 1281 
Euro 3 1198 
4-stroke 250 - 750 
cm³ 
Conventional 1773 
Euro 1 1553 
Euro 2 1279 
Euro 3 1120 
4-stroke >750 cm³ 
Conventional 1898 
Euro 1 1662 
Euro 2 1370 
Euro 3 1198 
Buses 
Urban 
Buses 
Standard 
Diesel 
Conventional 237 
Euro 1 186 
Euro 2 140 
Euro 3 101 
Euro 4 60 
Euro 5 40 
CNG 
Euro 1 38 
Euro 2 13 
Euro 3 18 
Coaches 
Standard 
Coaches Standard 
<=18 t 
Conventional 21 
Euro 1 17 
Euro 2 13 
Euro 3 9 
Euro 4 5 
Euro 5 4 
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ANNEX 2 – Detailed description of the fleet for rail mobility  
The rail transport sector was characterized using the existing Eurostat data sets (Eurostat, 
2014b) for EU27 countries, which included the following variables: 
— Total number of vehicles per vehicle technology time series (for locomotives and railcars, 
considering the fuel use of diesel, electricity and steam); 
— Number of passenger-vehicles per vehicle type time series (for coaches and railcars);  
— Total passenger*kilometres time series; 
— Vehicle-kilometres travelled per vehicle technology time series (for locomotives and 
railcars, considering the fuel use of diesel, electricity and steam, and for goods, 
passengers or other vehicles); and 
— Energy consumption for rail transportation time series (considering the fuel use of 
gas/diesel oil, electricity, solid fuels and biodiesels). 
The existing data set did not cover all the EU27 countries and some assumptions were 
performed: 
— Variables without an attributed value in 2010 were given the existing value in the closest 
year; 
— Countries without any data on the partition between passenger-train-kilometres and 
freight-train-kilometres by fuel type were assumed to have the same normalized 
characteristics as countries with similar energy consumption per train and passenger-
kilometre. For instance, when the disaggregation between electricity and diesel fuel use 
was not available, it was assumed that Portugal would have a similar share of electricity 
and diesel for rail passenger transportation than Spain, and that Luxembourg would be 
similar to Belgium. 
The number of vehicles per technology and fuel use and the number of passenger-vehicles 
(railcar trailers and coaches) estimated for each country is presented in Table 52. Although 
data is not available for some countries, it is possible to see that the fleet sizes and the shares 
of electric/diesel vehicles vary significantly. 
Despite the high disaggregation on fleet composition, due to the limited data available for the 
characterization of the passenger*kilometres and energy use, the rail transportation basket-
of-products was considered to have two aggregate vehicle categories – electric trains and 
other trains (almost exclusively diesel). 
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Table 52. Fleet composition per vehicle technology, fuel use and vehicle type for each EU27 country 
(N/A means no data was available), in 2010 (Eurostat, 2014b)11 
Country 
Locomotives and railcars 
Vehicles for 
passengers 
Electric 
locomotives 
Diesel 
locomotives 
Steam 
locomotives 
Electric 
railcars 
Diesel 
railcars 
Railcar 
trailers 
Coaches 
Austria 898 520 18 420 225 607 2402 
Belgium 337 233 0 656 92 1925 1452 
Bulgaria 245 235 4 74 27 101 947 
Cyprus 0 0 0 0 0 0 0 
Czech Republic 853 1201 31 252 687 2347 2055 
Denmark 36 62 0 222 326 1501 202 
Estonia 0 318 1 23 32 150 65 
Finland 156 320 0 152 16 418 653 
France 1732 2640 0 1580 996 10626 5629 
Germany N/A N/A N/A N/A N/A N/A N/A 
Greece 30 143 5 20 108 421 372 
Hungary 501 555 25 89 356 404 2384 
Ireland N/A N/A N/A N/A N/A N/A N/A 
Italy 1767 1070 0 611 756 1644 7476 
Latvia 0 251 1 79 25 238 0 
Lithuania 0 267 4 16 39 199 138 
Luxembourg 40 71 0 36 2 84 103 
Malta 0 0 0 0 0 0 0 
Netherlands 26 249 N/A N/A N/A N/A N/A 
Poland 1905 2358 0 1213 181 3908 3977 
Portugal 69 82 0 221 64 N/A N/A 
Romania 683 1047 104 41 283 4617 287 
Slovakia 478 489 0 60 174 0 1011 
Slovenia 84 74 4 39 70 253 102 
Spain 354 322 0 930 149 3337 1250 
Sweden 458 219 0 1056 75 1629 529 
United Kingdom N/A N/A N/A N/A N/A N/A N/A 
 
 
  
                                           
11 A glossary for transport-related names used by Eurostat is available at: 
http://ec.europa.eu/eurostat/documents/3859598/5911341/KS-RA-10-028-EN.PDF/6ddd731e-0936-455a-
be6b-eac624a83db4   
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ANNEX 3 – Detailed description of the fleet for air mobility  
The air transport sector was characterized using the existing Eurostat data sets (Eurostat, 
2014b) for EU27 countries, which included the following variables: 
— Number of passenger aircrafts by aircraft size (4 sizes, based on the number of seats); 
— Number of commercial passenger air flights by aircraft model and flight type (68 aircraft 
model types and national, intra-EU and extra-EU flights); and 
— Number of passengers transported per flight type time series (for national, intra-EU and 
extra-EU flights). 
The existing dataset did not have data for the year 2010, and as such the number of flights 
by aircraft model is based on data from 2011. The fleet characterization by aircraft size for 
each EU27 country is shown in Table 53. The composition of the fleets varies significantly 
across countries, with some countries having mainly small aircrafts (e.g. Estonia and 
Sweden), others medium-small aircrafts (e.g. Germany and France) or medium aircrafts (e.g. 
Italy, Spain and United Kingdom). Due to the data on the number of flights and passengers 
transported being disaggregated by the type of flight (national, intra-EU and extra-EU), the 
air transportation basked-of-products was considered to have three aggregate mobility 
categories – national, intra-EU and extra-EU. 
Table 53. Fleet characterization by aircraft size (based on the number of seats) for each EU27 
country (Eurostat, 2014b), in 2010 
Country 
Less than 50 
seats 
51 to 150 seats 
151 to 250 
seats 
More than 250 
seats 
Austria 12 56 34 7 
Belgium 16 44 14 7 
Bulgaria 9 14 18 0 
Cyprus 0 3 7 2 
Czech Republic 21 20 34 0 
Denmark 25 19 15 4 
Estonia 15 7 0 0 
Finland 7 60 13 14 
France 92 129 121 99 
Germany 49 329 196 96 
Greece 12 23 34 4 
Hungary 1 23 32 0 
Ireland 3 31 289 8 
Italy 146 54 169 37 
Latvia 8 25 12 0 
Lithuania 8 5 1 0 
Luxembourg 8 7 1 0 
Malta 9 5 6 0 
Netherlands 1 78 51 41 
Poland 14 40 12 1 
Portugal 12 30 34 19 
Romania 19 25 12 0 
Slovakia 2 4 3 0 
Slovenia 7 6 0 0 
Spain 40 92 155 50 
Sweden 50 25 12 3 
United Kingdom 99 246 331 133 
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ANNEX 4 – Detailed analysis of vehicle-km and passenger-km for road mobility  
For passenger cars, and for 16 of the EU27 countries (accounting for 72% of the total EU27 
fleet), the combination of the passenger*kilometres travelled dataset with the existing fleet 
dataset and considering an occupancy factor allows estimating the number of kilometres 
travelled per passenger car per year per country, as is presented in Equation 1. The remaining 
countries were assumed to have a behaviour similar to comparable countries. The vkm 
obtained this way represents the average vkm of all passenger cars in each country, 
independent of the vehicle technology. This value is necessary to estimate the total vehicle-
kilometres travelled in the EU27 countries and, subsequently, the total energy consumption.  
 
vkmpassenger cars =
Number of passenger ∗ kilometers
Number of vehicles
×
1
Occupancy factorpasseneger cars
 
Equation 1 
A smaller Eurostat dataset for five EU27 countries contained the vehicle-kilometers travelled 
both for gasoline and diesel passenger cars. Based on these statistics, a 33% increase in vkm 
for diesel vehicles compared to the country’s average vkm and an 11% decrease in vkm for 
gasoline vehicles compared to the country’s average vkm was observed. These ratios were 
used for the remaining EU27 countries. 
The average occupancy factor for passenger cars was estimated by comparing the pkm 
dataset with the smaller vkm per vehicle dataset, as presented in Equation 2. An average 
1.57 value was obtained for passenger cars. 
 
Occupancy factorpasseneger cars =
Number of passenger ∗ kilometers
Number of vehicles
Number of kilometers per vehicle
 
Equation 2 
 
For buses and 2W, the combination of the vehicle-kilometers travelled dataset with the 
number of vehicles allowed estimating an average EU27 value of ≈34000 km per bus per year 
(Equation 3). Countries without any data entry in vehicle-kilometers travelled were attributed 
the EU average. For 2W, the few available data allowed estimating an average value of 
3700 km per 2W per year (Equation 3), which was considered for all EU27 countries. 
 
vkmBuses or 2W =
Number of vehicle ∗ kilometers
Number of vehicles
 
Equation 3 
The considered occupancy factor for buses were based on Swiss data from the ecoinvent 
database (Spielmann et al., 2007), which refers values of 14 passengers for urban buses and 
21 passengers for coaches, due to a lack of representative data for EU27. A 1.1 occupancy 
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factor was considered for 2W (Spielmann et al., 2007). Table 54 summarizes the vkm per 
country per mobility sub-product. 
Table 54. Yearly vkm per vehicle, for the vehicle categories considered, in 2010 
Country 
Passenger cars 
2W 
Urban 
buses and 
Coaches 
Gasoline, 
LPG 
Diesel 
 
Austria 9156 13763 3744 34242 
Belgium 12053 18118 3744 34242 
Bulgaria 7685 11552 3744 41577 
Cyprus 7845 11792 3744 34242 
Czech Republic 7982 11999 3744 24017 
Denmark 13197 19838 3744 34242 
Estonia 12348 18561 3744 34242 
Finland 14878 22365 3744 42491 
France 11932 17936 3744 37556 
Germany 11932 17936 3744 34242 
Greece 8708 13090 3744 34176 
Hungary 7892 11864 3744 34242 
Ireland 12553 18870 3744 27300 
Italy 10728 16127 3744 34242 
Latvia 9458 14218 3744 39725 
Lithuania 10903 16389 3744 19863 
Luxembourg 11960 17979 3744 34242 
Malta 7845 11792 3744 34242 
Netherlands 11960 17979 3744 34242 
Poland 7992 12014 3744 22327 
Portugal 8708 13090 3744 34176 
Romania 7685 11552 3744 41577 
Slovakia 7982 11999 3744 24017 
Slovenia 12875 19355 3744 60417 
Spain 8708 13090 3744 34176 
Sweden 13197 19838 3744 34242 
United 
Kingdom 
12553 18870 3744 30233 
In order to more accurately characterize the energy efficiency of each of the road mobility 
sub-products, the analysis focused on the volume of kilometres occurring in different driving 
conditions (highway, urban and rural roads). By analysing the datasets referring to vehicle-
kilometres travelled that were driven in Motorways (highway, H), roads within built-up areas 
(urban, U) and roads outside built-up area (rural, R) for passenger cars, buses and 
motorcycles a distribution of kilometres travelled was estimated, as is presented in Table 55. 
Mopeds were considered to drive in urban conditions. Due to the lack of more accurate 
information, coaches were attributed with the kilometres performed in highways condition 
while urban buses were considered to drive in urban and rural conditions. 
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Table 55. Distribution of kilometres travelled between driving conditions, in 2010 
Country 
Passenger 
cars 
Mopeds Motorcycles Buses Coaches 
%H
* 
%
U 
%
R 
%
H 
%
U 
%
R 
%
H 
%
U 
%
R 
%
H 
%
U 
%
R 
%
H 
%
U 
%
R 
Austria 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Belgium 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Bulgaria 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Cyprus 43 46 11 0 100 0 8 44 47 0 17 83 100 0 0 
Czech 
Republic 
14 28 58 0 100 0 8 44 47 0 38 62 100 0 0 
Denmark 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Estonia 0 52 48 0 100 0 8 44 47 0 71 29 100 0 0 
Finland 12 48 41 0 100 0 8 44 47 0 45 55 100 0 0 
France 33 36 31 0 100 0 8 44 47 0 45 55 100 0 0 
Germany 12 48 41 0 100 0 8 44 47 0 45 55 100 0 0 
Greece 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Hungary 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Ireland 100 0 0 0 100 0 8 44 47 0 67 33 100 0 0 
Italy 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Latvia 0 52 48 0 100 0 8 44 47 0 71 29 100 0 0 
Lithuania 9 0 91 0 100 0 8 44 47 0 0 100 100 0 0 
Luxembourg 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Malta 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Netherlands 12 48 41 0 100 0 8 44 47 0 45 55 100 0 0 
Poland 3 32 66 0 100 0 8 44 47 0 33 67 100 0 0 
Portugal 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Romania 8 5 87 0 100 0 8 44 47 0 38 62 100 0 0 
Slovakia 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Slovenia 8 5 87 0 100 0 8 44 47 0 38 62 100 0 0 
Spain 19 32 49 0 100 0 8 44 47 0 45 55 100 0 0 
Sweden 12 48 41 0 100 0 8 44 47 0 45 55 100 0 0 
United 
Kingdom 
19 39 42 0 100 0 8 44 47 0 67 33 100 0 0 
*H = highway roads, U = urban roads, R = rural roads 
By combining the vehicle usage (Table 54), existing fleet (Table 51) and occupancy factors of 
1.57 for passenger cars, 1.1 for 2W and 14.7 for buses, the total number of 
passenger*kilometers for the road transport in the EU27 was estimated, as is presented in 
Table 56. 
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Table 56. Total passenger*kilometres for the vehicle categories considered for each EU27 country, in 
2010 
Country 
Passenger cars 
2W 
Urban 
buses and 
Coaches 
Gasoline Diesel LPG 
Austria 2.86E+10 5.29E+10 0.00E+00 2.87E+09 4.86E+09 
Belgium 3.86E+10 9.06E+10 7.01E+08 2.24E+09 8.17E+09 
Bulgaria 2.18E+10 1.45E+10 0.00E+00 5.15E+08 1.49E+10 
Cyprus 5.13E+09 8.52E+08 0.00E+00 1.68E+08 1.71E+09 
Czech Republic 4.12E+10 2.27E+10 0.00E+00 5.77E+09 6.94E+09 
Denmark 4.60E+10 1.13E+10 1.23E+05 8.42E+08 7.27E+09 
Estonia 8.06E+09 4.00E+09 0.00E+00 1.32E+08 2.15E+09 
Finland 5.38E+10 1.95E+10 0.00E+00 2.01E+09 8.53E+09 
France 2.77E+11 4.49E+11 2.72E+09 1.03E+10 4.99E+10 
Germany 5.72E+11 3.18E+11 7.86E+09 2.29E+10 3.85E+10 
Greece 2.88E+10 3.50E+10 4.26E+08 1.07E+10 1.38E+10 
Hungary 2.98E+10 1.13E+10 0.00E+00 8.40E+08 8.92E+09 
Ireland 3.04E+10 1.00E+10 0.00E+00 2.97E+08 4.06E+09 
Italy 3.44E+11 3.52E+11 2.96E+10 3.65E+10 5.03E+10 
Latvia 6.34E+09 4.69E+09 0.00E+00 1.51E+08 3.32E+09 
Lithuania 2.06E+10 1.26E+10 0.00E+00 2.32E+08 4.01E+09 
Luxembourg 2.35E+09 5.80E+09 4.51E+06 1.77E+08 8.17E+08 
Malta 2.08E+09 1.22E+09 1.23E+04 8.42E+07 5.99E+07 
Netherlands 1.16E+11 3.66E+10 3.97E+09 4.79E+09 5.68E+09 
Poland 1.32E+11 7.31E+10 3.11E+10 7.97E+09 3.20E+10 
Portugal 3.52E+10 4.27E+10 5.20E+08 2.05E+09 7.75E+09 
Romania 3.61E+10 2.41E+10 0.00E+00 3.50E+08 2.48E+10 
Slovakia 1.53E+10 8.44E+09 0.00E+00 3.62E+08 3.39E+09 
Slovenia 1.40E+10 1.12E+10 0.00E+00 3.75E+08 2.13E+09 
Spain 1.46E+11 2.36E+11 0.00E+00 2.06E+10 3.14E+10 
Sweden 7.72E+10 1.89E+10 2.07E+05 1.52E+09 6.75E+09 
United 
Kingdom 
3.96E+11 2.43E+11 5.13E+08 5.08E+09 7.61E+10 
 
The average passenger*kilometers travelled by each citizen of each EU27 country are shown 
in Table 57. The high value obtained for Luxembourg due to their high motorization rate 
(which is the highest of the EU27 countries) and the assumption of an occupancy factor of 
1.57 for all countries, which might be overestimated for this particular country. Nonetheless, 
due to data constraints, this value was maintained. 
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Table 57. Average passenger*kilometres per citizen for the vehicle categories considered for each 
EU27 country, in 2010 
Country 
Passenger cars 
2W 
Urban buses 
and Coaches Gasoline Diesel LPG 
Austria 3415 6316 0 343 580 
Belgium 3557 8354 65 207 753 
Bulgaria 2931 1956 0 69 2014 
Cyprus 6260 1041 0 205 2091 
Czech Republic 3938 2173 0 552 663 
Denmark 8306 2035 0 152 1314 
Estonia 6048 2999 0 99 1616 
Finland 10057 3645 0 375 1593 
France 4285 6940 42 160 772 
Germany 6988 3882 96 280 471 
Greece 2572 3126 38 953 1235 
Hungary 2977 1125 0 84 891 
Ireland 6686 2203 0 65 892 
Italy 5819 5951 499 616 850 
Latvia 2990 2213 0 71 1564 
Lithuania 6559 4008 0 74 1276 
Luxembourg 4683 11558 9 352 1627 
Malta 5028 2948 0 203 145 
Netherlands 6996 2211 239 289 342 
Poland 3461 1915 815 209 837 
Portugal 3325 4040 49 194 733 
Romania 1780 1188 0 17 1224 
Slovakia 2838 1566 0 67 630 
Slovenia 6851 5460 0 183 1041 
Spain 3143 5074 0 443 675 
Sweden 8270 2026 0 163 722 
United Kingdom 6337 3891 8 81 1217 
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ANNEX 5 – Detailed analysis of vehicle-km and passenger-km for rail mobility  
The level of service provided per vehicle type (electric and others) for the rail transport was 
estimated first as the number of vehicle-kilometres travelled for passenger transport (vkmp) 
and second as the number of passenger*kilometres travelled (pkm). Given that only 12 
countries had data available on the vkmp for the year 2010, an estimation was performed for 
the rest of the countries based on data from other years and energy consumption data 
(calculating average vehicle efficiencies for years with all data available and using the 2010 
data for energy consumption in rail transport). Average occupancy factors were estimated for 
each country based on the total passenger*kilometres and total train-kilometres travelled. 
This assumes that the occupancy factor of the electric trains and other trains are the same 
for each country. The pkm for each vehicle type were calculated based on the average 
occupancy factors and the vkmp. The number of vkmp and pkm per vehicle type for each 
country is presented in Table 58. Overall, electric rail transport is responsible for 69% of the 
EU27 passenger*kilometres. 
Table 58. Total yearly vkmp and pkm for passenger transportation by vehicle type (Eurostat, 2014b), 
in 2010 
Country 
Kilometres travelled by 
passenger train 
Passenger*kilometres 
travelled by EU citizens 
Electric Others Electric Others 
Austria 8.73E+07 2.06E+07 7.86E+09 1.86E+09 
Belgium 7.59E+07 7.44E+06 9.32E+09 9.14E+08 
Bulgaria 2.01E+07 5.12E+06 1.67E+09 4.24E+08 
Czech Republic 6.13E+07 7.00E+07 3.06E+09 3.50E+09 
Denmark 2.07E+07 4.93E+07 1.82E+09 4.33E+09 
Estonia 1.39E+06 9.92E+06 3.03E+07 2.17E+08 
Finland 3.23E+07 7.69E+06 3.20E+09 7.61E+08 
France 3.11E+08 7.85E+07 7.07E+10 1.79E+10 
Germany 8.03E+08 3.56E+08 5.74E+10 2.55E+10 
Greece 1.27E+06 1.01E+07 1.55E+08 1.23E+09 
Hungary 5.31E+07 3.36E+07 4.69E+09 2.97E+09 
Ireland 0.00E+00 2.05E+07 0.00E+00 1.68E+09 
Italy 1.78E+08 4.66E+07 3.44E+10 8.97E+09 
Latvia 3.54E+06 1.31E+07 1.58E+08 5.83E+08 
Lithuania 1.43E+06 1.32E+07 2.39E+07 2.20E+08 
Luxembourg 5.48E+06 6.68E+05 3.09E+08 3.77E+07 
Netherlands 1.11E+08 2.77E+07 1.27E+10 3.17E+09 
Poland 1.26E+08 3.82E+07 1.34E+10 4.06E+09 
Portugal 2.04E+07 7.35E+05 3.97E+09 1.43E+08 
Romania 2.29E+07 3.33E+07 2.14E+09 3.11E+09 
Slovakia 1.83E+07 1.69E+07 1.20E+09 1.11E+09 
Slovenia 7.67E+06 5.67E+06 4.19E+08 3.10E+08 
Spain 1.31E+08 2.87E+07 1.81E+10 3.95E+09 
Sweden 9.12E+07 1.01E+07 1.00E+10 1.11E+09 
United Kingdom 1.84E+08 3.55E+08 1.91E+10 3.68E+10 
 
The average passenger*kilometers travelled by each citizen of each EU27 country using rail 
transportation are shown in Table 59.  
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Table 59. Average passenger*kilometres per citizen and train type for each EU27 country, in 2010 
Country Electric trains Other trains 
Austria 938 222 
Belgium 860 84 
Bulgaria 224 57 
Czech Republic 293 334 
Denmark 329 782 
Estonia 23 163 
Finland 598 142 
France 1094 276 
Germany 702 311 
Greece 14 110 
Hungary 468 296 
Ireland 0 369 
Italy 581 152 
Latvia 74 275 
Lithuania 8 70 
Luxembourg 616 75 
Netherlands 767 191 
Poland 352 106 
Portugal 375 14 
Romania 105 153 
Slovakia 223 206 
Slovenia 205 151 
Spain 389 85 
Sweden 1075 119 
United Kingdom 305 588 
 
  
121 
ANNEX 6 – Detailed analysis of vehicle-km and passenger-km for air mobility  
The level of service provided per flight type (national, intra-EU and extra-EU) for the air 
transport was estimated first as the number of vehicle-kilometres travelled for passenger 
transport (vkmp) and second as the number of passenger*kilometres travelled (pkm). The 
vkmp were estimated based on the number of flights performed in each country, by flight 
type, and assuming average distances travelled based on the size of each country, the size 
of Europe and considering the average flight distance declared by oneworld, Star Alliance and 
SkyTeam (EC, 2011b). The average distance for intra-EU flights and extra-EU flights was 
assumed to be the same for all countries. The assumed distances can be found in Table 60. 
Table 60. Average flight distances assumed for each country, in 2010 
Country 
Average flight distance (km) 
National Intra-EU Extra-EU 
Austria 245 1188 6287 
Belgium 148 1188 6287 
Bulgaria 282 1188 6287 
Cyprus 81 1188 6287 
Czech Republic 238 1188 6287 
Denmark 175 1188 6287 
Estonia 180 1188 6287 
Finland 492 1188 6287 
France 677 1188 6287 
Germany 506 1188 6287 
Greece 307 1188 6287 
Hungary 258 1188 6287 
Ireland 246 1188 6287 
Italy 465 1188 6287 
Latvia 215 1188 6287 
Lithuania 216 1188 6287 
Luxembourg 43 1188 6287 
Malta 50 1188 6287 
Netherlands 172 1188 6287 
Poland 473 1188 6287 
Portugal 899 1188 6287 
Romania 413 1188 6287 
Slovakia 187 1188 6287 
Slovenia 120 1188 6287 
Spain 1804 1188 6287 
Sweden 568 1188 6287 
United Kingdom 418 1188 6287 
 
The pkm for each country and flight type were calculated using the average flight distance 
and the number of passengers for each flight type, taken from Eurostat (2014b). The average 
distances, vkmp and pkm for each country and flight type are presented in Table 61.  
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Table 61. Total yearly vkmp and pkm for passenger transportation by flight type for each EU27 
country, in 2010 
Country 
Kilometers travelled by 
passenger aircrafts 
Passenger-kilometers travelled by 
EU citizens 
National Intra-EU Extra-EU National Intra-EU Extra-EU 
Austria 3.79E+06 2.28E+08 4.97E+08 2.11E+08 1.85E+10 4.58E+10 
Belgium 2.47E+06 2.40E+08 3.90E+08 1.09E+07 1.83E+10 4.73E+10 
Bulgaria 1.01E+06 5.35E+07 8.25E+07 5.51E+07 5.52E+09 8.62E+09 
Cyprus 3.90E+04 4.92E+07 1.02E+08 2.50E+06 6.73E+09 9.67E+09 
Czech Republic 1.68E+06 1.29E+08 2.31E+08 8.21E+07 1.00E+10 2.29E+10 
Denmark 8.75E+06 2.15E+08 4.10E+08 4.24E+08 1.84E+10 4.13E+10 
Estonia 4.43E+05 2.84E+07 2.62E+07 4.44E+06 1.29E+09 1.70E+09 
Finland 2.96E+07 1.41E+08 1.82E+08 1.14E+09 1.06E+10 1.93E+10 
France 2.43E+08 7.39E+08 2.28E+09 1.84E+10 6.17E+10 2.97E+11 
Germany 1.86E+08 1.11E+09 2.82E+09 1.25E+10 9.91E+10 3.81E+11 
Greece 2.93E+07 2.01E+08 3.05E+08 1.96E+09 2.53E+10 3.12E+10 
Hungary 2.00E+03 8.76E+07 1.54E+08 8.10E+04 7.44E+09 1.20E+10 
Ireland 1.40E+06 2.05E+08 1.21E+08 9.81E+07 2.37E+10 1.75E+10 
Italy 1.41E+08 6.88E+08 1.03E+09 1.41E+10 6.94E+10 1.38E+11 
Latvia 3.00E+03 6.10E+07 1.16E+08 6.30E+04 4.03E+09 8.01E+09 
Lithuania 4.00E+03 3.35E+07 3.31E+07 1.25E+05 2.35E+09 2.21E+09 
Luxembourg 1.00E+03 4.07E+07 3.20E+07 3.60E+04 1.50E+09 2.16E+09 
Malta 7.00E+03 2.98E+07 1.86E+07 1.70E+04 3.60E+09 1.65E+09 
Netherlands 1.51E+05 3.86E+08 7.95E+08 2.42E+06 3.33E+10 1.31E+11 
Poland 1.43E+07 1.92E+08 2.85E+08 4.71E+08 1.58E+10 2.59E+10 
Portugal 3.37E+07 2.03E+08 2.33E+08 2.59E+09 2.10E+10 3.07E+10 
Romania 7.31E+06 1.02E+08 1.06E+08 3.14E+08 8.28E+09 7.51E+09 
Slovakia 2.88E+05 1.80E+07 2.00E+07 7.93E+06 1.79E+09 2.13E+09 
Slovenia 1.00E+03 2.06E+07 7.19E+07 1.00E+04 9.19E+08 3.83E+09 
Spain 7.52E+08 9.09E+08 9.93E+08 6.89E+10 1.12E+11 1.36E+11 
Sweden 6.56E+07 2.06E+08 2.94E+08 3.55E+09 1.86E+10 3.11E+10 
United Kingdom 1.64E+08 1.13E+09 2.29E+09 8.89E+09 1.28E+11 4.07E+11 
 
The average passenger*kilometres travelled by each citizen of each EU27 country using air 
transportation are shown in Table 62. 
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Table 62. Average passenger*kilometres per citizen and flight type for each EU27 country, in 2010 
Country 
National 
flights 
Intra-EU flights Extra-EU flights 
Austria 25 2206 2737 
Belgium 1 1692 2182 
Bulgaria 7 744 581 
Cyprus 3 8212 5901 
Czech Republic 8 959 1094 
Denmark 77 3322 3728 
Estonia 3 971 637 
Finland 214 1973 1800 
France 284 955 2295 
Germany 153 1211 2330 
Greece 176 2261 1393 
Hungary 0 743 599 
Ireland 22 5218 1923 
Italy 238 1172 1170 
Latvia 0 1902 1889 
Lithuania 0 748 352 
Luxembourg 0 2986 2150 
Malta 0 8695 1999 
Netherlands 0 2009 3956 
Poland 12 415 339 
Portugal 245 1986 1453 
Romania 15 408 185 
Slovakia 1 332 198 
Slovenia 0 449 936 
Spain 1482 2404 1464 
Sweden 380 1992 1666 
United Kingdom 142 2044 3254 
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ANNEX 7 – Network graphs of the inventory of most contributing elementary flows 
The inventory networks of the most important flow(s) (Table 19) are reported below. The 
larger the depth of the red arrow going from one process to the related one(s), the larger the 
contribution of that process to the total amount of the analysed flow in the inventory (e.g., 
which are the activities that entail higher emissions of carbon dioxide to air). The codes that 
identify the sub-products (i.e. type of vehicles) are the same reported in Table 3. 
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Carbon dioxide, fossil (96.7% of Climate Change) 
 
  
126 
Zinc to soil (33.7% of Human toxicity, non-cancer effects) 
 
 
Please note that the main contributor to human toxicity, non-cancer impacts is “zinc emitted to agricultural soil”, coming from 
the cultivation of biodiesel. Even if the emission of zinc to soil (unspecified) from tire wear emissions is higher in terms of absolute 
quantity, the impact generated is lower, because this kind of emission has a lower CF assigned in the ILCD method.  
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Particulates < 2.5 (76.8% of Particulate matter) 
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Methane, bromotrifluoro-, Halon 1301 (87.6% of Ozone depletion) 
 
  
129 
Chromium to air (21.3% of Human toxicity, cancer effects) 
  
  
130 
Carbon-14 to air (98.9% of Ionising radiation) 
 
   
131 
Nitrogen oxides (70% of Photochemical ozone formation, 48.7% of Acidification and 93% of 
Terrestrial eutrophication, 84.9% of marine eutrophication) 
 
132 
Phosphate to water (96% of Freshwater eutrophication) 
 
(the graph continues in the next page) 
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134 
Indium (64.4% of Resource depletion) 
 
135 
Tantalum (15.7% of resource depletion) 
 
 
 
136 
Transformation, to arable, non-irrigated, intensive (32.4% of Land use) 
 
  
137 
Water, cooling, SA (39.8% of Water depletion) 
 
 
 
138 
Antimony to air (33.1% of Freshwater ecotoxicity) 
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ANNEX 8 – Detailed description of the fleet composition for baseline scenario 
2015 
The BoP mobility baseline in 2015 has been modelled by using the Eurostat datasets 
(Eurostat, 2017) and the Statistical Pocketbook 2016 (EC, 2016a).  
To build the scenario, any missing value for a specific country has been estimated, in close 
coordination with the JRC, by using the existing information in the closest year or the value 
reported for country with similar characteristics. More specifically, it has been assumed 
that Greece, Denmark, Lithuania, Slovakia, Bulgaria, Luxembourg and Slovenia have had 
a similar behaviour respectively of Portugal, Sweden, Latvia, Czech Republic, Romania, 
Belgium and Croatia. 
Passenger cars fleet composition 
The passenger cars mobility has been modelled by referring to the following Eurostat 
datasets: 
— number of vehicles per vehicle technology for each EU28 country, considering the fuel 
type (gasoline, diesel, LPG, electric and hybrid) and engine displacement distribution;  
— vehicle age distribution, in order to estimate the Euro standards.  
It has been assumed that all the LPG, EV and HEV vehicles have the same size, since no 
engine displacement disaggregation was reported in the Eurostat database. 
Table 63 shows the number of passenger cars and the related engine displacement in the 
baseline scenario 2015.  
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Table 63. Number of passenger cars and engine displacement per each EU28 country - Baseline 
scenario 2015 
Number of passenger cars – Baseline scenario 2015 
Country 
Gasoline - 
small 
Gasoline - 
medium 
Gasoline - 
large 
Diesel - 
large 
Diesel -
medium 
LPG EVs HEVs 
Austria 1.29E+06 5.81E+05 1.67E+05 2.22E+06 4.82E+05 1.00E+00 5.03E+03 1.44E+04 
Belgium 1.38E+06 5.93E+05 1.44E+05 2.98E+06 4.77E+05 1.90E+01 2.87E+03 3.22E+04 
Bulgaria 2.15E+06 1.04E+06 5.80E+04 1.63E+06 2.75E+05 2.00E+03 4.00E+03 0.00E+00 
Croatia 5.62E+05 2.14E+05 1.77E+04 5.58E+05 9.19E+04 5.20E+04 1.63E+02 0.00E+00 
Cyprus 1.77E+05 2.35E+05 1.25E+04 3.02E+04 3.03E+04 0.00E+00 2.30E+01 2.42E+03 
Czech 
Republic 
2.14E+06 1.03E+06 1.30E+05 1.49E+06 3.14E+05 5.60E+01 7.13E+02 0.00E+00 
Denmark 1.77E+06 8.76E+05 3.64E+05 1.02E+06 3.67E+05 2.70E+01 4.77E+03 0.00E+00 
Estonia 9.06E+04 2.64E+05 7.98E+04 1.32E+05 1.09E+05 2.00E+00 1.12E+03 2.43E+03 
Finland 6.93E+05 1.44E+06 3.09E+05 4.81E+05 3.03E+05 1.00E+00 6.57E+02 1.06E+04 
France 6.91E+06 2.28E+06 3.48E+05 2.05E+07 2.09E+06 1.45E+05 4.30E+04 2.30E+05 
Germany 1.49E+07 1.23E+07 2.61E+06 1.04E+07 4.11E+06 4.76E+05 2.60E+04 0.00E+00 
Greece 1.91E+06 3.29E+05 4.02E+04 1.94E+06 4.32E+05 4.70E+04 6.72E+02 0.00E+00 
Hungary 1.55E+06 6.68E+05 5.51E+04 7.09E+05 1.80E+05 1.70E+01 3.42E+02 0.00E+00 
Ireland 7.46E+05 3.55E+05 1.94E+04 8.13E+05 1.05E+05 0.00E+00 1.12E+03 0.00E+00 
Italy 8.56E+06 1.01E+07 3.48E+05 1.31E+07 2.11E+06 2.04E+06 3.43E+03 6.24E+04 
Latvia 6.45E+04 1.88E+05 3.44E+04 2.11E+05 1.27E+05 5.00E+00 2.11E+02 1.20E+01 
Lithuania 6.45E+04 1.88E+05 3.44E+04 2.11E+05 1.27E+05 0.00E+00 1.69E+02 0.00E+00 
Luxembourg 4.61E+04 4.91E+04 2.55E+04 1.77E+05 5.58E+04 3.26E+02 5.80E+02 2.27E+03 
Malta 1.53E+05 3.22E+04 3.65E+03 7.33E+04 1.19E+04 2.00E+00 1.36E+02 4.32E+02 
Netherlands 2.96E+06 2.48E+06 8.34E+05 1.00E+06 3.40E+05 1.86E+05 7.00E+04 0.00E+00 
Poland 6.91E+06 4.00E+06 4.04E+05 5.15E+06 9.44E+05 2.98E+06 7.77E+03 3.27E+05 
Portugal 1.91E+06 3.29E+05 4.02E+04 1.94E+06 4.32E+05 4.70E+04 6.72E+02 1.34E+04 
Romania 2.15E+06 1.04E+06 5.80E+04 1.63E+06 2.75E+05 2.00E+03 4.00E+03 0.00E+00 
Slovakia 2.14E+06 1.03E+06 1.30E+05 1.49E+06 3.14E+05 5.60E+01 7.13E+02 0.00E+00 
Slovenia 3.81E+05 2.01E+05 1.21E+04 4.06E+05 6.74E+04 8.59E+03 2.90E+02 0.00E+00 
Spain 5.12E+06 3.92E+06 6.60E+05 1.11E+07 1.55E+06 4.79E+03 5.24E+03 6.20E+04 
Sweden 1.77E+06 8.76E+05 3.64E+05 1.02E+06 3.67E+05 2.70E+01 4.77E+03 4.27E+04 
United 
Kingdom 
9.85E+06 7.41E+06 1.43E+06 8.19E+06 2.63E+06 2.20E+04 2.47E+04 2.45E+05 
Total 7.83E+07 5.40E+07 8.73E+06 9.06E+07 1.87E+07 6.01E+06 2.13E+05 1.05E+06 
Source: Eurostat, 2017 - Passenger cars, by type of motor energy and size of engine [road_eqs_carmot] (for all 
diesel and petroleum products) 
 Eurostat, 2017 – Passenger cars, by type of motor energy [road_eqs_carpda] (for electric vehicles and 
hybrid-electric vehicles) 
The number of passenger cars according to their age distribution is provided in Table 64, 
whereas in Table 65 and Table 66 the share of passenger cars over the total amount and 
the related EU emission standards class are reported. 
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Table 64. Number of passenger cars according to their age distribution per each EU28 country - 
Baseline scenario 2015 
Number of passenger cars according to their age distribution 
Country 
Less than 2 
years in 2015 
From 2 to 5 
years in 2015 
From 5 to 10 
years in 2015 
From 10 to 20 
years in 2015 
Austria 8.32E+05 9.47E+05 1.39E+06 1.33E+06 
Belgium 1.18E+06 1.31E+06 1.64E+06 1.19E+06 
Bulgaria 1.49E+05 2.59E+05 1.33E+06 3.42E+06 
Croatia 8.51E+04 1.29E+05 4.00E+05 7.39E+05 
Cyprus 1.75E+04 4.23E+04 1.47E+05 2.28E+05 
Czech Republic 4.91E+05 5.25E+05 1.03E+06 3.07E+06 
Denmark 8.08E+05 8.16E+05 1.19E+06 1.55E+06 
Estonia 3.91E+04 6.07E+04 1.35E+05 2.63E+05 
Finland 2.13E+05 3.55E+05 6.80E+05 1.30E+06 
France 3.83E+06 6.19E+06 1.14E+07 1.09E+07 
Germany 5.75E+06 8.37E+06 1.35E+07 1.50E+07 
Greece 2.45E+05 4.91E+05 1.02E+06 2.29E+06 
Hungary 1.74E+05 1.82E+05 8.16E+05 1.68E+06 
Ireland 4.28E+05 3.53E+05 7.67E+05 5.13E+05 
Italy 2.73E+06 7.20E+06 8.73E+06 1.84E+07 
Latvia 2.18E+04 3.56E+04 1.27E+05 3.45E+05 
Lithuania 2.59E+04 4.49E+04 1.90E+05 7.58E+05 
Luxembourg 1.27E+05 9.81E+04 9.41E+04 6.18E+04 
Malta 1.82E+04 2.46E+04 7.08E+04 1.13E+05 
Netherlands 9.14E+05 1.39E+06 2.24E+06 2.92E+06 
Poland 8.85E+05 1.05E+06 3.79E+06 8.23E+06 
Portugal 2.45E+05 4.91E+05 1.02E+06 2.29E+06 
Romania 1.49E+05 2.59E+05 1.33E+06 3.42E+06 
Slovakia 4.91E+05 5.25E+05 1.03E+06 3.07E+06 
Slovenia 7.37E+04 1.45E+05 3.38E+05 4.81E+05 
Spain 1.80E+06 1.94E+06 5.57E+06 9.68E+06 
Sweden 8.08E+05 8.16E+05 1.19E+06 1.55E+06 
United 
Kingdom 
4.80E+06 5.69E+06 9.53E+06 9.69E+06 
Total 2.73E+07 3.97E+07 7.07E+07 1.05E+08 
Source: Eurostat, 2017 - Passenger cars, by age [road_eqs_carage] 
Table 65. Share of passenger cars over the total amount according to their age distribution - 
Baseline scenario 2015 
 Period % 
Less than 2 years in 2015 2013-2015 10.61 
From 2 to 5 years in 2015 2010-2013 15.42 
From 5 to 10 years in 2015 2005-2010 27.42 
From 10 than 20 years in 2015 1995-2005 40.57 
More than 20 years before 1995 5.98 
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Table 66. Distribution of passenger cars among the EU standard emissions classes - Baseline 
scenario 2015  
EURO Standards Year  % 
Conventional <1992 3.0 
Euro 1 from 1992 to 1995 3.0 
Euro 2 from 1996 to 1999 20.3 
Euro 3 from 2000 to 2004 20.3 
Euro 4 from 2005 to 2009 27.4 
Euro 5 from 2010 to 2014 20.7 
Euro 6 from 2015 5.3 
Source:  EMEP/EEA, 2016. 
Since the passenger kilometres dataset provided by Eurostat in 2015 was incomplete, the 
distribution provided by the Statistical Pocketbook 2016 have been used. The amount of 
pkms was aggregated, including both the passenger cars and 2Ws mobility product. The 
time series distribution of the last 20 years, have allowed to estimate an average 2.6 % 
contribution of 2Ws over the total pkms. The same amount has been used in the simulation 
of the 2015 fleet composition (Table 67). 
Table 67. Passenger kilometres distribution among the EU28 countries for both passenger cars 
and 2Ws - Baseline scenario 2015  
Private cars and 
motorcycles in EU28 
countries (Gpkm) -2015 
Private cars and 
motorcycles 
2Ws (2.6%) Passenger cars 
Austria 77.63 2.02 75.61 
Belgium 117.19 3.05 114.14 
Bulgaria 52.98 1.38 51.61 
Croatia 28.06 0.73 27.33 
Cyprus 6.09 0.16 5.93 
Czech Republic 68.47 1.78 66.69 
Denmark 53.63 1.39 52.23 
Estonia 11.40 0.30 11.10 
Finland 67.99 1.77 66.22 
France 849.89 22.10 827.79 
Germany 942.16 24.50 917.66 
Greece 105.53 2.74 102.79 
Hungary 54.16 1.41 52.75 
Ireland 46.41 1.21 45.20 
Italy 746.43 19.41 727.03 
Latvia 12.81 0.33 12.48 
Lithuania 33.73 0.88 32.85 
Luxemburg 7.29 0.19 7.10 
Malta 2.33 0.06 2.27 
Netherlands 141.14 3.67 137.47 
Poland 223.16 5.80 217.36 
Portugal 85.96 2.23 83.72 
Romania 84.55 2.20 82.35 
Slovakia 28.30 0.74 27.56 
Slovenia 26.62 0.69 25.92 
Spain 353.65 9.20 344.46 
Sweden 113.85 2.96 110.89 
UK 659.45 17.15 642.30 
Total 5,000.87 130.02 4,870.84 
Source: Statistical Pocketbook, 2016 
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In line with the baseline 2010, the vehicle kilometres per each EU28 countries (Table 68) 
have been calculated by using the Equation 1 where the occupancy factor is equal to 1.62 
and has been derived from the Ecoinvent database, version 3.2 (Ecoinvent, 2015) as 
explained in Annex 4.  
vkmpassenger cars =
Number of passenger. kilometers
Number of vehicles
×
1
Occupancy factorpasseneger cars
 
Equation 1 
Table 68. Vehicle kilometres of passenger cars among the EU28 countries - Baseline scenario 
2015  
Country Vehicles Gpkm vkms 
Austria 4.76E+06 7.56E+01 9.81E+03 
Belgium 5.62E+06 1.14E+02 1.25E+04 
Bulgaria 5.15E+06 5.16E+01 6.18E+03 
Croatia 1.50E+06 2.73E+01 1.13E+04 
Cyprus 4.88E+05 5.93E+00 7.51E+03 
Czech Republic 5.10E+06 6.67E+01 8.07E+03 
Denmark 4.40E+06 5.22E+01 7.33E+03 
Estonia 6.79E+05 1.11E+01 1.01E+04 
Finland 3.24E+06 6.62E+01 1.26E+04 
France 3.25E+07 8.28E+02 1.57E+04 
Germany 4.49E+07 9.18E+02 1.26E+04 
Greece 4.70E+06 1.03E+02 1.35E+04 
Hungary 3.16E+06 5.28E+01 1.03E+04 
Ireland 2.04E+06 4.52E+01 1.37E+04 
Italy 3.63E+07 7.27E+02 1.24E+04 
Latvia 6.25E+05 1.25E+01 1.23E+04 
Lithuania 6.25E+05 3.28E+01 3.24E+04 
Luxembourg 3.57E+05 7.10E+00 1.23E+04 
Malta 2.75E+05 2.27E+00 5.10E+03 
Netherlands 7.87E+06 1.37E+02 1.08E+04 
Poland 2.07E+07 2.17E+02 6.48E+03 
Portugal 4.71E+06 8.37E+01 1.10E+04 
Romania 5.15E+06 8.24E+01 9.86E+03 
Slovakia 5.10E+06 2.76E+01 3.34E+03 
Slovenia 1.08E+06 2.59E+01 1.49E+04 
Spain 2.24E+07 3.44E+02 9.49E+03 
Sweden 4.44E+06 1.11E+02 1.54E+04 
United Kingdom 2.98E+07 6.42E+02 1.33E+04 
TOTAL 2.58E+08 4.87E+03 3.20E+05 
Considering the total amount of passenger cars and pkms, an average 1.17E+04 vkms in 
EU28 has been obtained. 
Taking into account the engine displacement distribution of Table 63 and the distribution 
of passenger cars among the EU standard emissions classes (Table 66), the vkms per 
engine distribution, fuel type and EU standard emissions have been calculated (Table 69 
and Table 70).  
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Table 69. Vehicle kilometres of passenger cars per engine distribution and fuel type - Baseline 
scenario 2015  
 vkms per engine distribution 
Country 
Gasoline vehicles Diesel vehicles 
LPG Electrical Hybrid 
<1.4 l 1.4-2 l >2 l <2 l >2 l 
Austria 2.65E+03 1.20E+03 3.45E+02 4.58E+03 9.94E+02 2.06E-03 1.04E+01 2.96E+01 
Belgium 3.09E+03 1.33E+03 3.21E+02 6.67E+03 1.06E+03 4.24E-02 6.41E+00 7.18E+01 
Bulgaria 2.58E+03 1.24E+03 6.96E+01 1.96E+03 3.30E+02 2.40E+00 4.80E+00 0.00E+00 
Croatia 4.24E+03 1.61E+03 1.34E+02 4.21E+03 6.93E+02 3.92E+02 1.23E+00 0.00E+00 
Cyprus 2.72E+03 3.62E+03 1.92E+02 4.66E+02 4.67E+02 0.00E+00 3.54E-01 3.73E+01 
Czech 
Republic 
3.38E+03 1.62E+03 2.05E+02 2.36E+03 4.96E+02 8.86E-02 1.13E+00 0.00E+00 
Denmark 2.95E+03 1.46E+03 6.07E+02 1.70E+03 6.13E+02 4.50E-02 7.95E+00 0.00E+00 
Estonia 1.35E+03 3.92E+03 1.19E+03 1.97E+03 1.62E+03 2.98E-02 1.66E+01 3.61E+01 
Finland 2.70E+03 5.62E+03 1.20E+03 1.87E+03 1.18E+03 3.89E-03 2.56E+00 4.14E+01 
France 3.34E+03 1.10E+03 1.68E+02 9.89E+03 1.01E+03 7.01E+01 2.08E+01 1.11E+02 
Germany  4.19E+03 3.47E+03 7.33E+02 2.94E+03 1.16E+03 1.34E+02 7.32E+00 0.00E+00 
Greece 5.50E+03 9.46E+02 1.16E+02 5.56E+03 1.24E+03 1.35E+02 1.93E+00 0.00E+00 
Hungary 5.05E+03 2.18E+03 1.79E+02 2.31E+03 5.85E+02 5.54E-02 1.11E+00 0.00E+00 
Ireland 5.01E+03 2.38E+03 1.30E+02 5.45E+03 7.04E+02 0.00E+00 7.51E+00 0.00E+00 
Italy 2.91E+03 3.42E+03 1.18E+02 4.47E+03 7.20E+02 6.95E+02 1.17E+00 2.13E+01 
Latvia 1.27E+03 3.72E+03 6.78E+02 4.16E+03 2.50E+03 9.86E-02 4.16E+00 2.37E-01 
Lithuania 3.35E+03 9.78E+03 1.79E+03 1.10E+04 6.57E+03 0.00E+00 8.78E+00 0.00E+00 
Luxembourg 1.59E+03 1.69E+03 8.77E+02 6.10E+03 1.92E+03 1.12E+01 2.00E+01 7.80E+01 
Malta 2.84E+03 5.97E+02 6.77E+01 1.36E+03 2.20E+02 3.71E-02 2.52E+00 8.00E+00 
Netherlands 4.05E+03 3.40E+03 1.14E+03 1.37E+03 4.65E+02 2.55E+02 9.58E+01 0.00E+00 
Poland 2.16E+03 1.25E+03 1.26E+02 1.61E+03 2.95E+02 9.31E+02 2.43E+00 1.02E+02 
Portugal 4.45E+03 7.66E+02 9.36E+01 4.51E+03 1.00E+03 1.09E+02 1.56E+00 3.13E+01 
Romania 4.11E+03 1.98E+03 1.11E+02 3.12E+03 5.26E+02 3.83E+00 7.65E+00 0.00E+00 
Slovakia 1.40E+03 6.71E+02 8.48E+01 9.77E+02 2.05E+02 3.66E-02 4.66E-01 0.00E+00 
Slovenia 5.26E+03 2.78E+03 1.67E+02 5.60E+03 9.29E+02 1.18E+02 4.00E+00 0.00E+00 
Spain 2.17E+03 1.66E+03 2.79E+02 4.70E+03 6.56E+02 2.03E+00 2.22E+00 2.62E+01 
Sweden 6.14E+03 3.04E+03 1.26E+03 3.53E+03 1.28E+03 9.38E-02 1.65E+01 1.48E+02 
United 
Kingdom 
4.40E+03 3.31E+03 6.39E+02 3.66E+03 1.18E+03 9.82E+00 1.10E+01 1.09E+02 
TOTAL 9.48E+04 6.98E+04 1.30E+04 1.08E+05 3.06E+04 2.87E+03 2.68E+02 8.52E+02 
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Table 70. Vehicle kilometres of passenger cars per EU standard emissions - Baseline scenario 
2015  
Fuel type 
Engine 
displacement 
Euro 
Standard 
Vkm 
Gasoline 
0,8 - 1,4 l 
Conventional 2.84E+03 
Euro 1 2.84E+03 
Euro 2 1.92E+04 
Euro 3 1.92E+04 
Euro 4 2.60E+04 
Euro 5 1.97E+04 
Euro 6 5.03E+03 
1,4 - 2,0 l 
Conventional 2.09E+03 
Euro 1 2.09E+03 
Euro 2 1.42E+04 
Euro 3 1.42E+04 
Euro 4 1.91E+04 
Euro 5 1.45E+04 
Euro 6 3.70E+03 
>2,0 l 
Conventional 3.89E+02 
Euro 1 3.89E+02 
Euro 2 2.64E+03 
Euro 3 2.64E+03 
Euro 4 3.57E+03 
Euro 5 2.70E+03 
Euro 6 6.91E+02 
Diesel 
<2,0 l 
Conventional 3.23E+03 
Euro 1 3.23E+03 
Euro 2 2.19E+04 
Euro 3 2.19E+04 
Euro 4 2.96E+04 
Euro 5 2.24E+04 
Euro 6 5.73E+03 
>2,0 l 
Conventional 9.15E+02 
Euro 1 9.15E+02 
Euro 2 6.21E+03 
Euro 3 6.21E+03 
Euro 4 8.39E+03 
Euro 5 6.34E+03 
Euro 6 1.62E+03 
LPG 
Conventional 8.58E+01 
Euro 1 8.58E+01 
Euro 2 5.82E+02 
Euro 3 5.82E+02 
Euro 4 7.87E+02 
Euro 5 5.95E+02 
Euro 6 1.52E+02 
Electrical 2.68E+02 
Hybrid 8.52E+02 
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Finally, the number of kilometres travelled by each passenger cars sub-product in the 
baseline scenario 2015 have been obtained by combining the number of vehicles with the 
average vkms in EU28 previously calculated (Table 71). 
Table 71. Number of vehicle-kilometres per sub-products - Baseline scenario 2015  
Vehicle type Fuel type 
Engine 
displacement 
Euro 
Standard 
Number of 
vehicles 
kms per 
vehicles 
Passenger 
Cars 
Gasoline 
0,8 - 1,4 l 
Conventional 2.34E+06 2.73E+10 
Euro 1 2.34E+06 2.73E+10 
Euro 2 1.59E+07 1.85E+11 
Euro 3 1.59E+07 1.85E+11 
Euro 4 2.15E+07 2.51E+11 
Euro 5 1.62E+07 1.89E+11 
Euro 6 4.15E+06 4.85E+10 
1,4 - 2,0 l 
Conventional 1.61E+06 1.88E+10 
Euro 1 1.61E+06 1.88E+10 
Euro 2 1.10E+07 1.28E+11 
Euro 3 1.10E+07 1.28E+11 
Euro 4 1.48E+07 1.73E+11 
Euro 5 1.12E+07 1.31E+11 
Euro 6 2.86E+06 3.34E+10 
>2,0 l 
Conventional 2.61E+05 3.04E+09 
Euro 1 2.61E+05 3.04E+09 
Euro 2 1.77E+06 2.07E+10 
Euro 3 1.77E+06 2.07E+10 
Euro 4 2.39E+06 2.79E+10 
Euro 5 1.81E+06 2.11E+10 
Euro 6 4.63E+05 5.40E+09 
Diesel 
<2,0 l 
Conventional 2.71E+06 3.16E+10 
Euro 1 2.71E+06 3.16E+10 
Euro 2 1.84E+07 2.14E+11 
Euro 3 1.84E+07 2.14E+11 
Euro 4 2.48E+07 2.90E+11 
Euro 5 1.88E+07 2.19E+11 
Euro 6 4.81E+06 5.61E+10 
>2,0 l 
Conventional 5.60E+05 6.53E+09 
Euro 1 5.60E+05 6.53E+09 
Euro 2 3.80E+06 4.43E+10 
Euro 3 3.80E+06 4.43E+10 
Euro 4 5.13E+06 5.99E+10 
Euro 5 3.88E+06 4.53E+10 
Euro 6 9.93E+05 1.16E+10 
LPG 
Conventional 1.80E+05 2.10E+09 
Euro 1 1.80E+05 2.10E+09 
Euro 2 1.22E+06 1.42E+10 
Euro 3 1.22E+06 1.42E+10 
Euro 4 1.65E+06 1.92E+10 
Euro 5 1.25E+06 1.45E+10 
Euro 6 3.19E+05 3.72E+09 
Electrical 213,131 2.13E+05 
Hybrid 1,047,325 1.05E+06 
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2Ws fleet composition 
Table 72 depicts the number of 2Ws in each EU28 country, as reported by the Eurostat 
transport navigation tree. Since no age distribution was provided, it has been assumed 
that 2Ws does not have an EU emission standards classification. Moreover, it reflects the 
LCA model in which the 2Ws sub-products performances are aggregated. 
Table 72. Number of 2Ws per each EU28 country - Baseline scenario 2015  
Country Mopeds 
Motorcycles 
Total 
125 cm³ or less Over 125 cm³ 
Austria 2.81E+05 1.17E+05 3.68E+05 7.66E+05 
Belgium 0.00E+00 1.31E+05 3.35E+05 4.66E+05 
Bulgaria 6.90E+04 1.41E+04 7.39E+04 1.57E+05 
Croatia 9.04E+04 1.13E+04 5.17E+04 1.53E+05 
Cyprus 1.35E+04 1.09E+04 1.49E+04 3.93E+04 
Czech Republic 4.85E+05 5.95E+05 4.52E+05 1.53E+06 
Denmark 7.57E+04 1.69E+04 2.75E+05 3.68E+05 
Estonia 1.65E+04 1.51E+03 2.55E+04 4.34E+04 
Finland 3.17E+05 4.82E+04 2.12E+05 5.77E+05 
France 1.26E+06 5.15E+05 7.33E+05 2.51E+06 
Germany 0.00E+00 8.37E+05 3.39E+06 4.23E+06 
Greece 1.44E+06 3.90E+05 1.23E+06 3.06E+06 
Hungary 7.00E+03 2.72E+04 1.36E+05 1.70E+05 
Ireland 2.02E+03 4.11E+03 3.09E+04 3.70E+04 
Italy 2.52E+06 1.75E+06 4.76E+06 9.02E+06 
Latvia 2.80E+04 7.16E+03 1.41E+04 4.93E+04 
Lithuania 1.11E+04 8.98E+03 1.77E+04 3.78E+04 
Luxembourg 8.53E+03 5.22E+03 1.33E+04 2.71E+04 
Malta 1.70E+02 9.66E+03 1.03E+04 2.01E+04 
Netherlands 1.10E+06 1.80E+04 6.36E+05 1.76E+06 
Poland 1.26E+06 3.94E+05 8.78E+05 2.53E+06 
Portugal 1.44E+06 3.90E+05 1.23E+06 3.06E+06 
Romania 7.00E+03 1.70E+04 8.90E+04 1.13E+05 
Slovakia 3.20E+04 5.04E+04 3.83E+04 1.21E+05 
Slovenia 4.22E+04 1.04E+04 4.77E+04 1.00E+05 
Spain 2.02E+06 1.32E+06 1.76E+06 5.10E+06 
Sweden 7.57E+04 1.69E+04 2.75E+05 3.68E+05 
United Kingdom 6.40E+04 3.06E+05 8.61E+05 1.23E+06 
Total 1.27E+07 7.02E+06 1.80E+07 3.76E+07 
Source: Eurostat, 2017 - Motorcycles, by power of vehicles [road_eqs_motorc] and Mopeds and motorcycles, 
by type of motor energy [road_eqs_mopeds] 
In Table 73, the passenger kilometres provided by the Statistical Pocketbook 2016 (EC, 
2016a) and previously reported in Table 67, have been used. 
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Table 73. 2Ws passenger kilometres distribution among the EU28 countries - Baseline scenario 
2015 
Country 
Gpkm of 2Ws in 
EU28  (2015) 
Austria 2.02 
Belgium 3.05 
Bulgaria 1.38 
Croatia 0.73 
Cyprus 0.16 
Czech Republic 1.78 
Denmark 1.39 
Estonia 0.30 
Finland 1.77 
France 22.10 
Germany 24.50 
Greece 2.74 
Hungary 1.41 
Ireland 1.21 
Italy 19.41 
Latvia 0.33 
Lithuania 0.88 
Luxemburg 0.19 
Malta 0.06 
Netherlands 3.67 
Poland 5.80 
Portugal 2.23 
Romania 2.20 
Slovakia 0.74 
Slovenia 0.69 
Spain 9.20 
Sweden 2.96 
UK 17.15 
Total 130.02 
Source: Statistical Pocketbook, 2017 
Considering the total amount of 2Ws and the related pkms, an average 3.14E+03 vkms in 
EU28 has been obtained by using Equation 1 with an occupancy factor of 1.1 (same as in 
the baseline 2010).  
The distribution of average vkms among each class has been calculated taking into account 
the share of each sub-product over the total amount (Table 74). 
Table 74. Distribution of average vkms according to the amount of each 2Ws sub-product - 
Baseline scenario 2015 
2W sub-product vkms 
Mopeds 1.06E+03 
Motorcycles 125 cm3 or less 5.86E+02 
Motorcycles over 125 cm3 1.50E+03 
Total 3.14E+03 
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Finally, the number of kilometres travelled by each 2Ws sub-product in the baseline 
scenario 2015 has been obtained by combining the number of vehicles with the previously 
calculated average vkms in EU28 (Table 75). 
Table 75. Number of vehicle kilometres per sub-products - Baseline scenario 2015  
Vehicle type 
Engine 
displacement 
Euro Standard 
Nr. of 
vehicles 
kms per 
vehicles 
Two 
wheelers 
Mopeds 50 cm³ Conv./EU1/EU2/EU3 1.27E+07 1.34E+10 
Motorcycles 
125 cm³ or less Conv./EU1/EU2/EU3 7.02E+06 4.11E+09 
Over 125 cm³ Conv./EU1/EU2/EU3 1.80E+07 2.69E+10 
Bus fleet composition 
In line with the baseline 2010, the following assumptions have been made: 
— the bus and coach category was represented by standard 12-meter buses; 
— buses were supposed to travel in urban and rural condition, whereas coaches were 
attributed with the kilometres performed in highways condition; 
— only diesel and CNG buses and coaches have been considered. 
The number of buses and coaches according to fuel type are reported in Table 76. 
Table 76. Number of diesel and CNG buses and coaches - Baseline scenario 2015  
Country Diesel CNG Total 
Austria 9.07E+03 1.86E+02 9.25E+03 
Belgium 1.57E+04 0.00E+00 1.57E+04 
Bulgaria 2.35E+04 0.00E+00 2.35E+04 
Croatia 5.13E+03 0.00E+00 5.13E+03 
Cyprus 2.70E+03 0.00E+00 2.70E+03 
Czech Republic 1.71E+04 2.80E+01 1.71E+04 
Denmark 1.18E+04 2.66E+03 1.44E+04 
Estonia 4.50E+03 5.00E+01 4.55E+03 
Finland 1.66E+04 8.20E+01 1.67E+04 
France 9.53E+04 6.31E+02 9.59E+04 
Germany  7.63E+04 8.00E+00 7.63E+04 
Greece 2.67E+04 2.58E+02 2.69E+04 
Hungary 1.77E+04 1.33E+02 1.79E+04 
Ireland 1.09E+04 0.00E+00 1.09E+04 
Italy 9.26E+04 0.00E+00 9.26E+04 
Latvia 4.74E+03 1.60E+01 4.75E+03 
Lithuania 6.43E+03 0.00E+00 6.43E+03 
Luxembourg 1.84E+03 0.00E+00 1.84E+03 
Malta 1.94E+03 0.00E+00 1.94E+03 
Netherlands 1.03E+04 0.00E+00 1.03E+04 
Poland 1.01E+05 4.95E+02 1.02E+05 
Portugal 1.46E+04 1.41E+02 1.47E+04 
Romania 4.71E+04 0.00E+00 4.71E+04 
Slovakia 8.38E+03 1.37E+01 8.40E+03 
Slovenia 2.58E+03 5.10E+01 2.63E+03 
Spain 5.77E+04 1.42E+03 5.91E+04 
Sweden 1.03E+04 2.34E+03 1.27E+04 
United Kingdom 1.58E+05 1.23E+02 1.58E+05 
Total 8.50E+05 8.64E+03 8.59E+05 
Source: Eurostat, 2017 - Motor coaches, buses and trolley buses, by type of motor energy 
[road_eqs_busmot_h]  
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Due to lack of data, and according to the previous work, the same distribution of urban 
bus over the total number has been used. For Croatia, latest EU28 member and not 
considered in the previous analysis, the 91% average contribution of EU28 has been 
considered. Table 77 shows the number of each sub-product per country in the baseline 
scenario 2015. 
Table 77. Number of diesel and CNG buses and coaches - Baseline scenario 2015  
Country 
Diesel Urban 
Bus 
CNG Urban 
Bus 
Coach (Diesel) Total 
Austria 8.31E+03 1.86E+02 7.61E+02 9.25E+03 
Belgium 1.43E+04 0.00E+00 1.40E+03 1.57E+04 
Bulgaria 2.14E+04 0.00E+00 2.12E+03 2.35E+04 
Croatia 4.67E+03 0.00E+00 4.62E+02 5.13E+03 
Cyprus 1.77E+03 0.00E+00 9.30E+02 2.70E+03 
Czech Republic 1.52E+04 2.80E+01 1.92E+03 1.71E+04 
Denmark 1.08E+04 2.66E+03 9.19E+02 1.44E+04 
Estonia 4.12E+03 5.00E+01 3.79E+02 4.55E+03 
Finland 1.52E+04 8.20E+01 1.48E+03 1.67E+04 
France 8.70E+04 6.31E+02 8.28E+03 9.59E+04 
Germany 6.96E+04 8.00E+00 6.69E+03 7.63E+04 
Greece 2.43E+04 2.58E+02 2.34E+03 2.69E+04 
Hungary 1.62E+04 1.33E+02 1.55E+03 1.79E+04 
Ireland 9.92E+03 0.00E+00 9.34E+02 1.09E+04 
Italy 8.47E+04 0.00E+00 7.89E+03 9.26E+04 
Latvia 4.34E+03 1.60E+01 3.93E+02 4.75E+03 
Lithuania 5.90E+03 0.00E+00 5.39E+02 6.43E+03 
Luxembourg 1.68E+03 0.00E+00 1.59E+02 1.84E+03 
Malta 1.78E+03 0.00E+00 1.62E+02 1.94E+03 
Netherlands 9.41E+03 0.00E+00 8.65E+02 1.03E+04 
Poland 9.94E+04 4.95E+02 1.64E+03 1.02E+05 
Portugal 1.33E+04 1.41E+02 1.28E+03 1.47E+04 
Romania 4.41E+04 0.00E+00 3.01E+03 4.71E+04 
Slovakia 7.72E+03 1.37E+01 6.62E+02 8.40E+03 
Slovenia 2.42E+03 5.10E+01 1.61E+02 2.63E+03 
Spain 5.26E+04 1.42E+03 5.06E+03 5.91E+04 
Sweden 9.51E+03 2.34E+03 8.09E+02 1.27E+04 
United Kingdom 1.45E+05 1.23E+02 1.31E+04 1.58E+05 
Total 7.84E+05 8.64E+03 6.58E+04 8.59E+05 
Table 78 shows the passenger kilometres of buses and coaches per EU28 countries, 
according to the EU reference Scenario 2016 (EC, 2016d). 
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Table 78. Gpkm of buses and coaches - Baseline scenario 2015 
Country Gpkm 
Austria 9.59E+00 
Belgium 1.76E+01 
Bulgaria 1.08E+01 
Croatia 3.43E+00 
Cyprus 1.34E+00 
Czech Republic 1.74E+01 
Denmark 7.12E+00 
Estonia 2.29E+00 
Finland 7.59E+00 
France 5.52E+01 
Germany 6.33E+01 
Greece 2.15E+01 
Hungary 1.72E+01 
Ireland 8.56E+00 
Italy 1.05E+02 
Latvia 2.39E+00 
Lithuania 2.81E+00 
Luxembourg 1.02E+00 
Malta 5.05E-01 
Netherlands 1.27E+01 
Poland 4.36E+01 
Portugal 6.25E+00 
Romania 1.25E+01 
Slovakia 5.70E+00 
Slovenia 3.24E+00 
Spain 5.22E+01 
Sweden 8.97E+00 
United Kingdom 4.62E+01 
Total 5.46E+02 
Source: EU reference Scenario 2016 
The vehicle kilometres have been calculated by applying the Equation 1, in which the 
occupancy factor used for buses and coaches is respectively 14 and 21 (as it is in the 
baseline 2010). Table 79 depicts the vkms calculated by using the mentioned formula. 
Table 79. vkms of buses and coaches - Baseline scenario 2015 
Diesel Urban Bus CNG Urban Bus Coach (Diesel) 
4.97E+04 4.51E+06 3.95E+05 
Finally, the kilometres travelled by each sub-product has been calculated by combining the 
number of vehicles with the above calculated vkms (Table 80). 
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Table 80. Number of buses and coaches and relative kms - Baseline scenario 2015 
Vehicle type Fuel 
Number of 
vehicles 
kms per vehicles 
Buses 
Urban bus 
diesel 
7.84E+05 3.90E+10 
Coach diesel 6.58E+04 2.60E+10 
Urban bus CNG 8.64E+03 3.90E+10 
 
Rail fleet composition 
Based on the Eurostat transportation navigation tree, the rail transportation was 
considered to have two aggregate vehicle categories: electric and diesel trains. The relative 
distribution has been obtained by considering the train kilometres available data of 16 over 
28 EU countries (Table 81). Thus, the result is an average distribution of 90.7% electric 
train to 9.3% diesel train. 
Table 81. vkms of rail transportation - Baseline scenario 2015  
Country 
Train kilometres (thousand) 
Electric train Diesel train 
Austria 4.90E+04 4.64E+03 
Belgium 2.13E+04 2.00E+01 
Bulgaria 1.39E+04 4.14E+03 
Croatia 5.04E+03 1.19E+03 
Czech Republic 4.62E+04 4.72E+03 
Denmark - - 
Estonia - - 
Finland 1.68E+04 8.63E+02 
France - - 
Germany - - 
Greece 2.96E+02 5.21E+03 
Hungary 2.59E+04 2.20E+03 
Ireland - - 
Italy 1.53E+05 1.19E+04 
Latvia 0.00E+00 4.79E+02 
Lithuania 0.00E+00 1.35E+03 
Luxembourg - - 
Netherlands - - 
Poland 4.03E+04 5.19E+02 
Portugal - - 
Romania - - 
Slovakia 1.69E+04 3.98E+03 
Slovenia 1.81E+03 1.90E+02 
Spain 8.05E+03 5.12E+03 
Sweden 1.11E+05 5.85E+03 
United Kingdom - - 
Total 5.10E+05 5.24E+04 
Source: Eurostat, 2017 - Railway transport - total annual passenger transport [rail_pa_total] 
Since the passenger kilometres dataset provided by Eurostat was incomplete, in coherence 
with the bus and coaches product mobility, data reported in the EU Reference Scenario 
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2016 have been used (Table 82). It has to be noted that Cyprus and Malta do not have a 
rail infrastructure and, thus, the value reported for these countries is null. 
Table 82. pkms of rail fleet (EU Reference Scenario 2016) - Baseline scenario 2015  
Country 
Gpkms of rail fleet in 
the baseline scenario 
2015 
Austria 16.2 
Belgium 12.0 
Bulgaria 3.1 
Croatia 2.4 
Cyprus - 
Czech Republic 17.7 
Denmark 7.1 
Estonia 0.3 
Finland 4.7 
France 107.4 
Germany 111.1 
Greece 3.1 
Hungary 10.6 
Ireland 1.8 
Italy 55.3 
Latvia 0.9 
Lithuania 0.4 
Luxembourg 0.4 
Malta - 
Netherlands 19.1 
Poland 23.6 
Portugal 5.3 
Romania 12.8 
Slovakia 3.0 
Slovenia 0.8 
Spain 29.5 
Sweden 14.8 
United Kingdom 76.4 
Total 539.9 
Source: EU reference Scenario 2016 
The distribution of the passenger kilometres among electric and diesel trains has been 
calculated on the basis of their respective share (Table 83). 
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Table 83. Distribution of rail pkms among the 2 train categories- Baseline scenario 2015 
Country 
Rail Gpkms  
Electric Diesel Total 
Austria 1.47E+01 1.51E+00 1.62E+01 
Belgium 1.09E+01 1.12E+00 1.20E+01 
Bulgaria 2.77E+00 2.85E-01 3.06E+00 
Croatia 2.14E+00 2.19E-01 2.36E+00 
Cyprus 0.00E+00 0.00E+00 0.00E+00 
Czech Republic 1.61E+01 1.65E+00 1.77E+01 
Denmark 6.42E+00 6.60E-01 7.08E+00 
Estonia 3.05E-01 3.14E-02 3.37E-01 
Finland 4.28E+00 4.40E-01 4.72E+00 
France 9.74E+01 1.00E+01 1.07E+02 
Germany 1.01E+02 1.03E+01 1.11E+02 
Greece 2.78E+00 2.86E-01 3.07E+00 
Hungary 9.64E+00 9.90E-01 1.06E+01 
Ireland 1.66E+00 1.70E-01 1.83E+00 
Italy 5.02E+01 5.15E+00 5.53E+01 
Latvia 8.02E-01 8.24E-02 8.85E-01 
Lithuania 3.88E-01 3.99E-02 4.28E-01 
Luxembourg 3.61E-01 3.70E-02 3.98E-01 
Malta 0.00E+00 0.00E+00 0.00E+00 
Netherlands 1.74E+01 1.78E+00 1.91E+01 
Poland 2.14E+01 2.20E+00 2.36E+01 
Portugal 4.78E+00 4.91E-01 5.28E+00 
Romania 1.16E+01 1.19E+00 1.28E+01 
Slovakia 2.70E+00 2.77E-01 2.97E+00 
Slovenia 7.47E-01 7.67E-02 8.24E-01 
Spain 2.67E+01 2.74E+00 2.95E+01 
Sweden 1.34E+01 1.38E+00 1.48E+01 
United Kingdom 6.93E+01 7.12E+00 7.64E+01 
Total 4.90E+02 5.03E+01 5.40E+02 
Source: Eurostat, 2017 - Railway transport - total annual passenger transport [rail_pa_total] 
Air fleet composition 
The air fleet composition and the average flight distance per country and type of flight 
(national, intra-EU and extra-EU) has been assumed to be the same as in 2010 (see ANNEX 
3). The pkm have been estimated following the same approach adopted for the baseline 
2010. The number of passengers transported by country and type of flight has been 
retrieved from Eurostat (Eurostat, 2017). Data are reported in Table 84. 
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Table 84. Number of passengers transported by air flights per each EU28 country at national, intra 
EU and extra EU level - Baseline scenario 2015 
Passengers on board (2015) 
Country 
National 
flights  
Intra EU flights Extra EU flights 
Belgium 2.85E+04 2.23E+07 9.05E+06 
Bulgaria 1.74E+05 5.45E+06 2.07E+06 
Czech Republic 1.50E+05 9.09E+06 3.72E+06 
Denmark 1.97E+06 2.01E+07 8.29E+06 
Germany  2.33E+07 1.03E+08 6.83E+07 
Estonia 1.96E+04 1.62E+06 5.20E+05 
Ireland 7.96E+04 2.51E+07 4.41E+06 
Greece 7.47E+06 2.76E+07 7.05E+06 
Spain 3.09E+07 1.18E+08 2.57E+07 
France 2.87E+07 6.21E+07 5.09E+07 
Croatia 5.18E+05 4.98E+06 1.11E+06 
Italy 2.98E+07 7.42E+07 2.45E+07 
Cyprus 6.43E+03 5.43E+06 2.32E+06 
Latvia 1.74E+02 3.79E+06 1.37E+06 
Lithuania 8.85E+02 3.26E+06 9.71E+05 
Luxembourg 9.61E+02 2.28E+06 3.71E+05 
Hungary 0.00E+00 8.09E+06 2.14E+06 
Malta 2.59E+02 4.25E+06 3.64E+05 
Netherlands 1.24E+04 3.94E+07 2.55E+07 
Austria 5.66E+05 1.82E+07 8.20E+06 
Poland 1.63E+06 2.16E+07 5.71E+06 
Portugal 3.47E+06 2.60E+07 6.22E+06 
Romania 5.37E+05 1.03E+07 1.84E+06 
Slovenia 1.32E+02 8.14E+05 6.26E+05 
Slovakia 2.81E+04 1.59E+06 3.54E+05 
Finland 2.60E+06 1.08E+07 4.09E+06 
Sweden 7.54E+06 2.00E+07 6.67E+06 
United Kingdom 2.29E+07 1.38E+08 7.15E+07 
EU-28 1.62E+08 4.18E+08 3.44E+08 
Source: Eurostat, 2017 - National air passenger transport by reporting country [avia_panc], International intra-
EU air passenger transport by reporting country and EU partner country [avia_paincc] and International extra-
EU air passenger transport by reporting country and partner world regions and countries [avia_paexcc] 
Table 85 reports the air passenger kilometres in 2015, calculated multiplying the number 
of passengers (Table 84) by the average distance covered (Table 60). 
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Table 85. Air pkm by each EU28 country - Baseline scenario 2015 
Passengers kms (2015) 
Country 
National 
flights  
Intra EU flights Extra EU flights 
Belgium 4.22E+06 2.65E+10 5.69E+10 
Bulgaria 4.91E+07 6.47E+09 1.30E+10 
Czech Republic 3.58E+07 1.08E+10 2.34E+10 
Denmark 3.45E+08 2.39E+10 5.21E+10 
Germany  1.18E+10 1.23E+11 4.29E+11 
Estonia 3.52E+06 1.93E+09 3.27E+09 
Ireland 1.96E+07 2.98E+10 2.77E+10 
Greece 2.29E+09 3.27E+10 4.43E+10 
Spain 5.57E+10 1.41E+11 1.61E+11 
France 1.94E+10 7.38E+10 3.20E+11 
Croatia 1.59E+08 5.92E+09 6.96E+09 
Italy 1.38E+10 8.82E+10 1.54E+11 
Cyprus 5.21E+05 6.45E+09 1.46E+10 
Latvia 3.74E+04 4.51E+09 8.63E+09 
Lithuania 1.91E+05 3.87E+09 6.11E+09 
Luxembourg 4.13E+04 2.71E+09 2.33E+09 
Hungary 0.00E+00 9.61E+09 1.34E+10 
Malta 1.30E+04 5.05E+09 2.29E+09 
Netherlands 2.13E+06 4.68E+10 1.60E+11 
Austria 1.39E+08 2.16E+10 5.15E+10 
Poland 7.70E+08 2.57E+10 3.59E+10 
Portugal 3.12E+09 3.08E+10 3.91E+10 
Romania 2.22E+08 1.22E+10 1.15E+10 
Slovenia 1.58E+04 9.67E+08 3.94E+09 
Slovakia 5.26E+06 1.89E+09 2.22E+09 
Finland 1.28E+09 1.28E+10 2.57E+10 
Sweden 4.28E+09 2.37E+10 4.20E+10 
United Kingdom 9.58E+09 1.64E+11 4.49E+11 
EU-28 1.23E+11 9.36E+11 2.16E+12 
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ANNEX 9 – Euro 6 passenger cars modelling  
The Euro 6 emission standards for both gasoline and diesel passenger cars have been 
modelled on the basis of the Ecoinvent database (Ecoinvent, 2015). Based on the Euro 5 
datasets, the emission factors have been modified according to the air pollutant emission 
inventory guidebook 2016 (EMEP/EEA, 2016). The EMEP/EEA guidebook provides emission 
factors to enable exhaust emissions to be calculated for passenger cars but it does not 
cover non-exhaust emissions such as fuel evaporation from vehicles, tyre wear, brake wear 
or road wear. 
Table 86 reports the emission factors using the Tier 2 method and refers to the only values 
that show changes between the EU5 and EU6 standard. Emission factors showing no 
variation between the EU standards considered are not reported. 
Table 86. Emission factors changes between Euro 5 and Euro 6 standards using Tier 2 method 
(EMEP/EEA, 2016). 
Passenger car 
EMEP/EEA - EURO 5 EMEP/EEA - EURO 6 
CO 
(g/km) 
NOx 
(g/km) 
PM2.5 
(g/km) 
CO 
(g/km) 
NOx 
(g/km) 
PM2.5 
(g/km) 
Small - gasoline   0.0014   0.0016 
Medium - gasoline   0.0014   0.0016 
Large - gasoline   0.0014   0.0016 
Small/medium - diesel 0.04 0.61 0.0021 0.049 0.11 0.0015 
Large - diesel 0.04 0.61 0.0021 0.049 0.11 0.0015 
Source: EMEP/EEA, 2016 
Combining the EU 5 emissions reported in the Ecoinvent datasets per each sub-products 
considered (Table 87) with the EMEP/EEA emission factors, the Euro 6 emissions have been 
then calculated (Table 88). 
Table 87. Euro 5 emissions reported in Ecoinvent v3.2  
Passenger car 
ECOINVENT - EURO 5 
CO (g/km) 
Nox 
(g/km) 
PM2.5 
(g/km) 
Small - gasoline   0.001022 
Medium - gasoline   0.001022 
Large - gasoline   0.001041 
Small/medium - diesel 0.0607 0.67726 0.0019146 
Large - diesel 0.0631 0.67726 0.0019146 
Source: Ecoinvent, 2015 
Table 88. Euro 6 emissions calculated on the basis of Ecoinvent v3.2 and EMEP/EEA. 
Passenger car 
ECOINVENT - EURO 6 
CO (g/km) 
NOx 
(g/km) 
PM2.5 
(g/km) 
Small - gasoline    0.001168 
Medium - gasoline    0.001168 
Large - gasoline    0.0011897 
Small/medium - diesel 0.074358 0.122129 0.0013676 
Large - diesel 0.077298 0.122129 0.0013676 
Source: EMEP/EEA, 2016 on the basis of Ecoinvent, 2015 
According to that, the following LCIA considerations can be done: 
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— impact categories for which CO and NOx are significant show better performance of 
EU6 in comparison with EU5; 
— when EU6 displays higher impact than EU5 is due to PM2.5. In fact, within the gasoline 
passenger cars, such inventories take into account the share of PFI (port fuel injection, 
typical of pre-Euro 5 and common in Euro 5) and GDI (gasoline direct injection, most 
commonly from Euro 6 onwards). Since the latter produce more particulate, EU 6 
gasoline passenger cars show an increase of PM2.5 in comparison to EU 5 (from 0.0014 
to 0.0016 g/km). 
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ANNEX 10 – Electric and hybrid cars modelling  
This annex describes the assumptions, data sources and inventory data used to model the 
electric car and the hybrid car included in the baseline 2015 and in the scenarios. 
Electric vehicle 
The model of the electric vehicle is based on the LCI from Ecoinvent ‘Transport, passenger 
car, electric {GLO}’ and the report ‘electric passenger car transport and passenger car life 
cycle inventories in ecoinvent version 3’ (Del Duce et al., 2014) and it has been reorganized 
in line with the vehicles included in the baseline, for 1 km driven by an electric vehicle. The 
life cycle stages considered are the same as for the other passenger cars included in the 
baseline 2010 and 2015. 
Vehicle production has been divided in the car production (without the battery) and the 
battery production. The total weight of the car (without the battery) is 918.1 kg (838kg of 
Glider and 80.1 kg of the power train), the weight considered for the battery is 262 kg and 
the lifetime is 150000km. 
The production of the car is divided in the glider (0.91275 kg = 838/918.1) and the power 
train (0.087245 kg = 80.1/918.1). For the glider the same process as the other passenger 
vehicles has been used but in this case the total weight of the glider is 838 kg. The power 
train instead is different (since no ICE is used) with a total weight of 80.1 kg and includes: 
— The power distribution unit (0.048989 kg/kg of powertrain) with a weight of 3.9 kg. 
— The charger (0.0774 kg/kg of powertrain) with a weight of 6.2 kg. 
— Cable, three-conductor (0.03745 m/kg of powertrain) with a weight of 3 kg. 
— Inverter (0.1186 kg//kg of powertrain) with a weight of 9.5 kg. 
— Electric motor (0.66167 kg/kg of powertrain) with a weight of 53 kg. 
— Converter (0.056179 kg/kg of powertrain) with a weight of 4.5 kg. 
The production of the Battery (0.00262 kg/km = (262/150000)*(150000/100000)) is 
modelled with the ecoinvent dataset ‘battery, Li-ion, rechargeable, prismatic {GLO}’. The 
life time of the battery is 100000 km.  
For infrastructure, the same process road has been used as the rest of the vehicles from 
the basket (4.93E-4 m*y/km = 5.37E-4*0.918). A factor of 5.37E-4 m*y per gross ton 
vehicle km is used. 
Fuel production (1km/km): the electric vehicle use electricity as fuel and the electricity mix 
(Electricity, high voltage {Europe without Switzerland}) used in the basket baseline is also 
used here. The consumption for the vehicle is 0.199 kWh/km. This is calculated with a 
parameter of battery energy density of 114 kWh/kg.  
Vehicle usage (1km/km) includes the pipeline emissions of the vehicle, which in this case 
are set to 0, the road, break and tyre wear emissions which values are taken from 
ecoinvent (1.16E-5 kg/km, 1.05E-6 kg/km and 6.76E-5 kg/km, respectively). 
Vehicle maintenance (6.67E-6p/km) represents the maintenance of a car for doing 1 km 
during its whole life time (1/150000). It is modelled using the maintenance, passenger 
car, electric, without batter {GLO} from ecoinvent 3.2. 
EoL (1p/km) includes the manual dismantling of a car (in this case the one with ICE) 
(0.06121p), the EOL for the Ecar without battery (0.06121kg) and the EoL for the Battery 
(0.00262 kg). Datasets are taken from ecoinvent 3.2. The EoL for the electric car takes 
into account the EoL scenario modelled for the other passenger cars, applied to the 
materials of the electric car, which is mainly composed of steel and PP (Table 89). 
The EoL for the battery, is modelled using the waste treatment of ecoinvent for a used Li-
ion battery (0.9kg/kg) (that consider 50% the treatment of the used battery with 
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hydrometallurgical and 50% pyrometallurgical treatment) and hazardous waste, for 
incineration (0.1kg/kg). 
Table 89. Material composition of the electric car and the Hybrid car (both without battery) 
Material type Ecar Hybrid car 
Aluminium 2.89 9.02 
Copper 2.53 2.1 
Brass 0.09 0.07 
Lead concentrate 0.21 0.7 
Magnesium 0.06 0.05 
Glass 2.90 2.47 
PE 1.47 1.86 
PET 0.19 0.16 
PP 4.52 3.86 
PVC 0.89 0.76 
Steel and iron 75.04 69.66 
Mineral oil 0.27 0.47 
Plastic Mixture 0.46 1.47 
Polyurethane 2.76 2.36 
Rubber 4.04 3.56 
Textile 1.57 1.34 
Zinc 0.12 0.1 
Hybrid vehicle 
The model of the hybrid car follows the same rational as the model for the electric car, 
with the only difference that the hybrid vehicle includes an ICE not present in the electric 
one. The type of hybrid car is a mild hybrid that presents a battery and helper motor, which 
operates while the gas engine is on, and never fully take over. They are not powerful 
enough to propel the car without the gas engine also doing some of the work. It is also 
organized in line with the vehicles included in the baseline, for 1 km driven by a Hybrid 
car. The life cycle stages considered are the same as for the other passenger cars included 
in the baseline 2010 and 2015. 
Consistently with the model of the electric car, Vehicle production has been divided in the 
car production (without the battery) and the battery production. The total weight of the 
car (without the battery) is 1168.1 kg (913 kg of Glider, 80.1 kg of the power train and 
175 kg of the ICE), the weight considered for the battery is 60 kg and the lifetime is 
150000km. 
The production of the car is divided in the glider (0.7816 kg = 913/1168.1), the power 
train (0.068573 kg = 80.1/1168.1) and the ICE (0.1498 kg = 175/1168.1). For the glider 
the same process as the other passenger vehicles has been used. The power train is the 
same of the electric car. Finally an ICE is included, modelled with the same dataset used 
for the other passenger cars, but a bit smaller, with a weight of 175 kg. 
The production of the battery (0.0006 kg/km = (60/150000)*(150000/100000)) is 
modelled with the ecoinvent dataset ‘battery, Li-ion, rechargeable, prismatic {GLO}’. The 
life time of the battery is 100000 km.  
For infrastructure, the same process road has been used as the rest of the vehicles from 
the basket (5.37E-4 m*y/km = 5.37E-4*1.168). A factor of 5.37E-4 m*y per gross ton 
vehicle km is used. 
Fuel production (1km/km): the hybrid car is fuelled with petrol. The dataset is the same 
used in the basket baseline (Petrol, unleaded {RER}). The consumption for the vehicle is 
3.9L/100km and the density of the petrol is 0.755 kg/l. This gives 0.029445 kg/km.  
Vehicle usage (1km/km) includes the pipeline emissions of the vehicle, the road, break and 
tyre wear emissions. Values for these emissions (1.66E-5 kg/km, 7.55E-6 kg/km and 
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9.72E-5 kg/km, respectively) are taken from ecoinvent 3.2. The dataset used is ‘Transport, 
passenger car, medium size, petrol, EURO 5 {RER}’, that is the same used for the SP06. 
Vehicle maintenance (6.67E-6p/km) is the maintenance of a car for doing 1 km during its 
whole life time (1/150000). It is modelled using the ‘passenger car, maintenance {RER 
and RoW}’ dataset from ecoinvent. 
The EoL (1p/km) includes the manual dismantling of a car (in this case the one with ICE) 
(0.007787p), the EOL for the hybrid car without battery (0.007787kg) and the EoL for the 
battery (0.0006 kg). 
The EoL for the hybrid car takes into account the EoL scenario modelled for the other 
passenger cars, applied to the materials in the hybrid car, which is mainly composed of 
steel and aluminium (Table 89). 
The EoL for the battery is modelled using the dataset from ecoinvent for the waste 
treatment of a used Li-ion battery (0.9kg/kg) (that consider 50% the treatment of the 
used battery with hydrometallurgical and 50% pyrometallurgical treatment) and hazardous 
waste, for incineration (0.1kg/kg). 
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ANNEX 11 – Detailed description of the fleet composition for Scenario 1 (2030) 
The same consideration stated for the 2015 baseline scenario, have been used in the 
Scenario 1 (2030) modelling. 
Passenger cars fleet composition 
The forecast passenger kilometres have been derived from EU Reference Scenario 2016, 
based on PRIMES, GAINS12 (Table 90). Since the amount of pkms were aggregated, 
including both the passenger cars and 2Ws mobility product, the Statistical Pocketbook 
2016 (EC, 2016a) have been used to calculate the single contribution. As described in the 
Annex 1, an average 2.6% contribution of 2Ws over the total pkms has been obtained. 
Table 90. pkms of passenger cars in the Scenario 1 (2030): EU Reference Scenario 2016  
Private cars and motorcycles in EU28 countries (Gpkm) - 2030 
Country Total 2Ws contribution 
Passenger cars 
contribution 
Austria 85.41 2.22 83.19 
Belgium 136.60 3.55 133.05 
Bulgaria 58.55 1.52 57.03 
Croatia 32.86 0.85 32.01 
Cyprus 7.11 0.18 6.92 
Czech Republic 86.34 2.24 84.09 
Denmark 61.51 1.60 59.91 
Estonia 12.51 0.33 12.19 
Finland 71.74 1.87 69.88 
France 951.72 24.74 926.98 
Germany 987.29 25.67 961.62 
Greece 110.17 2.86 107.31 
Hungary 68.29 1.78 66.52 
Ireland 62.24 1.62 60.62 
Italy 827.18 21.51 805.68 
Latvia 14.73 0.38 14.35 
Lithuania 38.69 1.01 37.68 
Luxemburg 9.91 0.26 9.65 
Malta 2.47 0.06 2.41 
Netherlands 154.94 4.03 150.91 
Poland 295.59 7.69 287.90 
Portugal 97.52 2.54 94.98 
Romania 113.08 2.94 110.14 
Slovakia 42.93 1.12 41.82 
Slovenia 31.31 0.81 30.50 
Spain 425.59 11.07 414.52 
Sweden 126.17 3.28 122.89 
UK 763.99 19.86 744.12 
Total 5,676.46 147.59 5,528.87 
Source: EU Reference Scenario 2016  
                                           
12 https://ec.europa.eu/energy/en/data-analysis/energy-modelling 
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The forecast passenger car fleet composition in terms of number of vehicles is based on 
the projection of Transport & Mobility Leuven NV (Breemersch, 2015), as shown in Table 
91. The related vehicle kilometres have been derived by applying the Equation 1 reported 
in the Annex 1. An average 1.15E+04 vkms in the EU28 country has been obtained. 
Table 91. Passenger car fleet composition and vkms in the Scenario 1 (2030): EU Reference 
Scenario 2016 combined with Breemersch, 2015 
EU28 - Scenario 1 (2030) 
Country 
Nr. of passenger 
cars in EU fleet 
Gpkm 
vkms = 
(pkms/vehicles)*(1/1.62) 
Austria 5.22E+06 83.19 9.83E+03 
Belgium 6.18E+06 133.05 1.33E+04 
Bulgaria 4.00E+06 57.03 8.80E+03 
Croatia 2.31E+06 32.01 8.55E+03 
Cyprus 8.14E+05 6.92 5.25E+03 
Czech Republic 6.77E+06 84.09 7.67E+03 
Denmark 2.69E+06 59.91 1.38E+04 
Estonia 7.14E+05 12.19 1.05E+04 
Finland 2.90E+06 69.88 1.49E+04 
France 3.68E+07 926.98 1.56E+04 
Germany 5.19E+07 961.62 1.14E+04 
Greece 6.50E+06 107.31 1.02E+04 
Hungary 4.60E+06 66.52 8.94E+03 
Ireland 2.30E+06 60.62 1.63E+04 
Italy 4.39E+07 805.68 1.13E+04 
Latvia 7.97E+05 14.35 1.11E+04 
Lithuania 2.71E+06 37.68 8.59E+03 
Luxemburg 4.19E+05 9.65 1.42E+04 
Malta 2.59E+05 2.41 5.73E+03 
Netherlands 9.30E+06 150.91 1.00E+04 
Poland 1.97E+07 287.90 9.03E+03 
Portugal 5.65E+06 94.98 1.04E+04 
Romania 8.03E+06 110.14 8.47E+03 
Slovakia 2.30E+06 41.82 1.12E+04 
Slovenia 1.31E+06 30.50 1.44E+04 
Spain 2.86E+07 414.52 8.96E+03 
Sweden 4.97E+06 122.89 1.53E+04 
UK 3.58E+07 744.12 1.28E+04 
Total 2.97E+08 5,528.87 3.07E+05 
Source: EU Reference Scenario 2016 and Breemersch, 2015 
The evolution of passenger cars and vans by type and fuel in 2030 has reported by the EU 
Reference Scenario 2016, in which the passenger kilometres refer to both passenger cars 
and vans (Figure 32). 
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Figure 32. Evolution of activity of passenger cars and vans by type and fuel (2010 - 2050): EU 
Reference Scenario 2016 
 
Source: EU Reference Scenario 2016 (EC, 2016d) 
The average amount of vans in the last 5 years has been 3.00E+07, of which about 11% 
gasoline (3.30E+06) and 89% diesel (2.67E+07). Combining these data with the 
passenger cars fleet composition shown in Table 91, the total fleet to which the pkms of 
Figure 32 is referred has been calculated (Table 92). Table 93 shows instead the 
contribution of only passenger cars. 
Table 92. Fuel type and number of vehicles considering both passenger cars and vans in Scenario 
1 (2030) 
Fuel Type 
Number of 
vehicles 
Gasoline 7.53E+07 
Diesel 1.47E+08 
LPG 1.64E+07 
Hybrid 6.55E+07 
PHEV 1.64E+07 
EV 6.55E+06 
Total 3.27E+08 
Table 93. Fuel type and number of passenger cars in Scenario 1 (2030)  
Fuel Type 
Number of 
vehicles 
% 
Gasoline 7.20E+07 24.2 
Diesel 1.21E+08 40.6 
LPG 1.64E+07 5.5 
Hybrid 6.55E+07 22.0 
Plug-in hybrid 1.64E+07 5.5 
Pure electric 6.55E+06 2.2 
Total 2.97E+08 100 
 
The vehicle technology distribution has been derived from the ICT-Emissions Project 
Handbook (2015), as detailed in Figure 33. 
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Figure 33. Vehicle technology distribution in the Scenario 1 (2030)  
  
 
Source: ICT-Emissions Project Handbook (2015) 
The number of passenger cars according to the Euro standard emissions and the fuel type 
has been then calculated as shown in Table 94. 
Table 94. Fuel type and number of passenger cars according to the Euro standard emissions in 
Scenario 1 (2030)  
Gasoline 
<= EU 4 1.01E+07 
EU 5 1.22E+07 
EU 6 4.97E+07 
Diesel 
<= EU4 2.53E+07 
EU 5 1.81E+07 
EU 6 7.72E+07 
LPG 1.64E+07 
HEV 6.55E+07 
PHEV 1.64E+07 
EV 6.55E+06 
Total 2.97E+08 
 
Finally, the number of kilometres travelled by each passenger cars sub-products has been 
calculated according to average 1.15E+04 vkms in the EU28 country reported above (Table 
95). It has to be noted that the fleet composition in 2030 does not encompass passenger 
cars lower than EU 4 standard emissions and that the electrical sub-products consist of 
both EVs and plug-in hybrid vehicles (PHEVs). 
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Table 95. Number of vehicle kilometres per sub-products - Scenario 1 (2030)  
Fuel type 
Engine 
displacement 
Euro Standard 
Number of 
vehicles 
kms per vehicles 
Gasoline 
0,8 - 1,4 l 
Euro 4 5.60E+06 6.42E+10 
Euro 5 6.79E+06 7.80E+10 
Euro 6 2.76E+07 3.17E+11 
1,4 - 2,0 l 
Euro 4 3.86E+06 4.43E+10 
Euro 5 4.68E+06 5.38E+10 
Euro 6 1.90E+07 2.18E+11 
>2,0 l 
Euro 4 6.23E+05 7.16E+09 
Euro 5 7.57E+05 8.69E+09 
Euro 6 3.07E+06 3.53E+10 
Diesel 
<2,0 l 
Euro 4 2.10E+07 2.41E+11 
Euro 5 1.50E+07 1.72E+11 
Euro 6 6.40E+07 7.34E+11 
>2,0 l 
Euro 4 4.34E+06 4.98E+10 
Euro 5 3.10E+06 3.56E+10 
Euro 6 1.32E+07 1.52E+11 
LPG 
Conventional 4.89E+05 5.62E+09 
Euro 1 4.89E+05 5.62E+09 
Euro 2 3.32E+06 3.81E+10 
Euro 3 3.32E+06 3.81E+10 
Euro 4 4.49E+06 5.15E+10 
Euro 5 3.39E+06 3.89E+10 
Euro 6 8.68E+05 9.96E+09 
Electrical (EV + PHEV) 2.29E+07 2.63E+11 
Hybrid 6.55E+07 7.51E+11 
 
2Ws fleet composition 
In Table 96, the passenger kilometres provided by EU Reference Scenario 2016 (based on 
PRIMES, GAINS) are reported. 
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Table 96. 2Ws passenger kilometres distribution among the EU28 countries – Scenario 1 (2030) 
Country  
Gpkm of 2Ws in 
EU28  countries 
(2030) 
Austria 2.22 
Belgium 3.55 
Bulgaria 1.52 
Croatia 0.85 
Cyprus 0.18 
Czech Republic 2.24 
Denmark 1.60 
Estonia 0.33 
Finland 1.87 
France 24.74 
Germany 25.67 
Greece 2.86 
Hungary 1.78 
Ireland 1.62 
Italy 21.51 
Latvia 0.38 
Lithuania 1.01 
Luxemburg 0.26 
Malta 0.06 
Netherlands 4.03 
Poland 7.69 
Portugal 2.54 
Romania 2.94 
Slovakia 1.12 
Slovenia 0.81 
Spain 11.07 
Sweden 3.28 
UK 19.86 
Total 147.59 
Source: EU Reference Scenario 2016 (based on PRIMES, GAINS) 
Based on Gpkm and number of vehicles in 2015, the 2Ws fleet composition in 2030 has 
been calculated, as shown in Table 97. 
Table 97. 2Ws passenger kilometres distribution among the EU28 countries – Scenario 1 (2030) 
Gpkm 
Number of vehicles 
Mopeds 
Motorcycles 
125 cm³ or less Over 125 cm³ 
147,59 1.44E+07 7.97E+06 2.04E+07 
Considering the total amount of 2Ws and the related pkms, an average 3.56E+03 vkms in 
EU28 has been obtained by using Equation 1 with an occupancy factor of 1.1 (same as in 
the baseline 2010).  
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The distribution of average vkms among each class has been calculated taking into account 
the share of each sub-product over the total amount (Table 98). 
Table 98. Distribution of average vkms according to the amount of each 2Ws sub-product - 
Scenario 1 (2030) 
2W sub-product vkms 
Mopeds 1.20E+03 
Motorcycles 125 cm3 or less 6.65E+02 
Motorcycles over 125 cm3 1.70E+03 
Total 3.56E+03 
 
Finally, the number of kilometres travelled by each 2Ws sub-product in the Scenario 1 
(2030) has been obtained by combining the number of vehicles with the previously 
calculated average vkms in EU28 (Table 99). 
Table 99. Number of vehicle kilometres per sub-products - Scenario 1 (2030)  
Vehicle type 
Engine 
displacement 
Euro Standard 
Number of 
vehicles 
kms per 
vehicles 
Two 
wheelers 
Mopeds 50 cm³ 
Conventional/EU1/ 
EU2/EU3 
1.44E+07 1.73E+10 
Motorcycles 
125 cm³ or 
less 
Conventional/EU1/ 
EU2/EU3 
7.97E+06 5.30E+09 
Over 125 
cm³ 
Conventional/EU1/ 
EU2/EU3 
2.04E+07 3.46E+10 
Bus fleet composition 
In Table 100, the passenger kilometres provided by EU Reference Scenario 2016 are 
reported. 
Table 100. Buses and coaches passenger kilometres (EU Reference Scenario 2016) - Scenario 1 
(2030) 
Bus and coaches 
Gpkm in 2030 
604 
Source: EU Reference Scenario 2016  
Based on Gpkm and number of vehicles in 2015, the fleet composition in 2030 has been 
calculated assuming that share between urban diesel and CNG buses and coaches is same 
as it was in 2015, as shown in Table 101. 
Table 101. Number of urban buses and coaches - Scenario 1 (2030) 
Gpkm 
Number of vehicles 
Diesel Urban Bus 
CNG Urban 
Bus 
Coach (Diesel) 
604 8.68E+05 9.56E+03 7.29E+04 
 
Considering the total amount of buses and coaches and the related pkms, the vehicle 
kilometres have then been calculated by applying the Equation 1, with the same occupancy 
factor reported in Annex 1 (Table 102). 
Table 102. vkms of buses and coaches - Scenario 1 (2030) 
Diesel Urban Bus CNG Urban Bus Coach (Diesel) 
5.50E+04 4.99E+06 4.37E+05 
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Finally, in Table 103 the kilometres travelled by each sub-product has been calculated by 
combining the number of vehicles with the above calculated vkms. 
Table 103. vkms of buses and coaches - Scenario 1 (2030) 
Vehicle type Fuel 
Number of 
vehicles 
kms per vehicles 
Buses 
Urban bus 
diesel 
8.68E+05 4.78E+10 
Coach diesel 7.29E+04 3.18E+10 
Urban bus CNG 9.56E+03 4.78E+10 
Rail fleet composition 
The passenger kilometres provided by EU Reference Scenario 2016 have been used to 
model the rail fleet composition in 2030 (Table 104). 
Table 104. Rail passenger kilometres (EU Reference Scenario 2016) - Scenario 1 (2030) 
Rail Gpkm in 2030 692.7 
Source: EU Reference Scenario 2016  
 
The distribution of pkms between electric and diesel train (Table 105) is based on that 
obtained in the baseline scenario 2015 (90.7% and 9.3%, respectively). 
Table 105. pkms distribution among electric and diesel train - Scenario 1 (2030) 
Gpkm – Scenario 1 (2030) 
Electric train Diesel train Total 
628.2 58.5 692.7 
 
Air fleet composition 
The EU Reference scenario 2016 has been used as source to estimate the increase in air 
pkms from 2015 to 2030 (Table 106).  
Table 106. Air passenger kilometres (EU Reference Scenario 2016) - Scenario 1 (2030) 
Air Gpkm in 2015 608 
Air Gpkm in 2030 860 
Expected increase +41% 
Source: EU Reference Scenario 2016  
The expected increase ratio from 2015 to 2030 is 41%. The same ratio has been applied 
to the pkm calculated for national, intra-EU and Extra-EU flights in 2015. The pkm used to 
model the 2030 scenario are reported in Table 107.  
Table 107. pkms distribution among national, intra EU and extra-EU flights - Scenario 1 (2030) 
Air pkm – Scenario 1 (2030) 
National Intra EU Extra EU 
1.74E+11 1.33E+12 3.06E+12 
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ANNEX 12 – Detailed description of the sources and data used in the Scenario 2 
– Eco Driving 
The Scenario 2 has been modelled according to main outcomes provided by the Green 
Driving Tool (EC-JRC, 2016). The analysis has been performed by selecting the passenger 
cars types (called “segment”) and the relative technical features highlighted in blue in 
Table 108. Mass and engine displacement are in coherence with the sub-products LCI. 
Table 108. Passenger cars segments available in the Green Driving Tool: those highlighted in blue 
have been used in the Scenario 2 (2015) – Eco Driving 
Passenger cars segments available in the EU 
Green Driving Tool 
Engine 
displacement 
range 
Engine 
displacement 
considered in the 
analysis 
Weight (kg) 
Segment A 
Fiat 500, Fiat Panda, Renault 
Twingo, VW Up!, Opel/Vauxhall 
Adam, Skoda Citigo, Smart 
Fortwo, Ford Ka, Hyundai i10, 
Peugeot 107, Toyota Aygo 
 
900 - 1400 
 
1,200 1,200 
Segment B 
Renault Clio, VW Polo, Peugeot 
208, Ford Fiesta, Opel/Vauxhall 
Corsa, Dacia Sandero, Citroen 
C3, Fiat Punto, Skoda Fabia, 
Seat Ibiza, Toyota Yaris, Hyundai 
i20, Mini Cooper, Mazda 2 
 
1000 - 1800 
 
  
Segment C 
VW Golf, Renault Megane, Skoda 
Octavia, Ford Focus, Peugeot 
308, Audi A3, Citroen C4, Seat 
Leon, Opel/Vauxhall Astra, 
Hyunday i30, Toyouta Auris, 
Volvo V40/V50 
 
1200 - 2000 
 
1,600 1,600 
Segment D 
VW Passat, Audi A4/A5, BMW 3-
Series, Peugeot 508, Ford 
Mondeo, Mercedes C-Class, 
Volvo V60, Opel/Vauxhall 
Insignia, Mazda 6, Toyota 
Avensis, Hyunday i40  
 
1500 - 3000 
 
  
Segment E 
BMW 5-Series, Audi A6/A7, 
Mercedes E-Class, Skoda 
Superb, Volvo S80, Jaguar XF, 
Lancia Thema, Renault Latitude, 
Lexus GS, Hyunday Genesis 
 
1800 - 3400 
 
2,600 2,000 
Segment F 
Mercedes S-Class, Audi A8, BMW 
7-Series, Porsche Panamera, VW 
Phaeton, Jaguar XJ, Maserati 
Quattroporte, Bentley, Rolls 
Royce, Lexus LS  
 
2500 - 4400 
 
  
Source: Green Driving Tool (EC - JRC, 2016) 
Table 109 shows the fuel consumption (l/100 km) of the selected segments according to 
highway, rural and urban routes. Table 110 provides the average fuel consumption [kg/l] 
of a passenger car travelling 1 km in the following typical EU 28 route:    
Typical EU 28 route % 
highway 25 
rural 45 
urban 30 
Source: EU Reference Scenario 2016  
The following specific volume (kg/l) for gasoline, diesel and LPG has been assumed: 0.745, 
0.837 and 0.54. The maximum and the minimum value of each category assessed showed 
in Table 110 has been used to build 2 sub-scenarios (SC2max and SC2min).
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Table 109. Fuel consumption of selected passenger cars segments according to highway, rural and urban routes - Scenario 2 (2015) – Eco Driving. 
 
Highway route: 
shopville Auchan 
Corso Romania 
Torino (IT) - 
Tamoil Rho Sud 
(IT) 
Rural route: 
Montalcino (Siena 
- IT) - San 
Gemignano (Siena 
- IT) 
Urban route: Paris 
Gare de Lyon 
(Paris- FR) - 
Montmartre (Paris- 
FR) 
119 km 85 km 7 km 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop Driving style Tyres class 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
A gasoline 1,200 1200 Manual 4 no Gentle A 5.8 4.95 8 
A gasoline 1,200 1200 Manual 4 no Gentle G 6.26 5.93 8.17 
A gasoline 1,200 1200 Manual 4 no Normal A 6.18 5.25 8.34 
A gasoline 1,200 1200 Manual 4 no Normal G 6.69 6.31 8.55 
A gasoline 1,200 1200 Manual 4 no Aggressive A 6.77 5.71 8.85 
A gasoline 1,200 1200 Manual 4 no Aggressive G 7.28 6.86 9.1 
A gasoline 1,200 1200 Manual 5 yes Gentle A 5.59 4.74 6.64 
A gasoline 1,200 1200 Manual 5 yes Gentle G 6.05 5.67 6.81 
A gasoline 1,200 1200 Manual 5 yes Normal A 5.93 5.04 6.98 
A gasoline 1,200 1200 Manual 5 yes Normal G 6.43 6.05 7.15 
A gasoline 1,200 1200 Manual 5 yes Aggressive A 6.52 5.5 7.49 
A gasoline 1,200 1200 Manual 5 yes Aggressive G 7.03 6.56 7.7 
A gasoline 1,200 1200 Manual 6 yes Gentle A 5.46 4.61 6.52 
A gasoline 1,200 1200 Manual 6 yes Gentle G 5.93 5.59 6.69 
A gasoline 1,200 1200 Manual 6 yes Normal A 5.84 4.91 6.86 
A gasoline 1,200 1200 Manual 6 yes Normal G 6.31 5.93 7.03 
A gasoline 1,200 1200 Manual 6 yes Aggressive A 6.39 5.37 7.32 
A gasoline 1,200 1200 Manual 6 yes Aggressive G 6.9 6.43 7.58 
C gasoline 1,600 1,600 Manual 4 no Gentle A 7.62 6.35 10.83 
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Highway route: 
shopville Auchan 
Corso Romania 
Torino (IT) - 
Tamoil Rho Sud 
(IT) 
Rural route: 
Montalcino (Siena 
- IT) - San 
Gemignano (Siena 
- IT) 
Urban route: Paris 
Gare de Lyon 
(Paris- FR) - 
Montmartre (Paris- 
FR) 
119 km 85 km 7 km 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop Driving style Tyres class 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
C gasoline 1,600 1,600 Manual 4 no Gentle G 7.96 6.77 11.22 
C gasoline 1,600 1,600 Manual 4 no Normal A 8 6.73 11.17 
C gasoline 1,600 1,600 Manual 4 no Normal G 8.34 7.15 11.55 
C gasoline 1,600 1,600 Manual 4 no Aggressive A 8.55 7.32 11.64 
C gasoline 1,600 1,600 Manual 4 no Aggressive G 8.93 7.74 12.02 
C gasoline 1,600 1,600 Manual 5 yes Gentle A 7.32 6.09 9.48 
C gasoline 1,600 1,600 Manual 5 yes Gentle G 7.66 6.52 9.86 
C gasoline 1,600 1,600 Manual 5 yes Normal A 7.66 6.48 9.78 
C gasoline 1,600 1,600 Manual 5 yes Normal G 8.04 6.9 10.16 
C gasoline 1,600 1,600 Manual 5 yes Aggressive A 8.25 7.03 10.24 
C gasoline 1,600 1,600 Manual 5 yes Aggressive G 8.59 7.45 10.62 
C gasoline 1,600 1,600 Manual 6 yes Gentle A 7.19 5.97 9.31 
C gasoline 1,600 1,600 Manual 6 yes Gentle G 7.53 6.39 9.69 
C gasoline 1,600 1,600 Manual 6 yes Normal A 7.53 6.35 9.61 
C gasoline 1,600 1,600 Manual 6 yes Normal G 7.87 6.73 9.99 
C gasoline 1,600 1,600 Manual 6 yes Aggressive A 8.08 6.9 10.03 
C gasoline 1,600 1,600 Manual 6 yes Aggressive G 8.42 7.32 10.41 
E gasoline 2,600 2,000 Manual 4 no Gentle A 9.9 10.96 15.19 
E gasoline 2,600 2,000 Manual 4 no Gentle G 10.58 11.64 15.91 
E gasoline 2,600 2,000 Manual 4 no Normal A 10.58 11.51 15.83 
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Highway route: 
shopville Auchan 
Corso Romania 
Torino (IT) - 
Tamoil Rho Sud 
(IT) 
Rural route: 
Montalcino (Siena 
- IT) - San 
Gemignano (Siena 
- IT) 
Urban route: Paris 
Gare de Lyon 
(Paris- FR) - 
Montmartre (Paris- 
FR) 
119 km 85 km 7 km 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop Driving style Tyres class 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
E gasoline 2,600 2,000 Manual 4 no Normal G 11.3 12.19 16.59 
E gasoline 2,600 2,000 Manual 4 no Aggressive A 11.72 12.36 16.84 
E gasoline 2,600 2,000 Manual 4 no Aggressive G 12.4 13.08 17.61 
E gasoline 2,600 2,000 Manual 5 yes Gentle A 9.52 10.5 13.54 
E gasoline 2,600 2,000 Manual 5 yes Gentle G 10.2 11.17 14.26 
E gasoline 2,600 2,000 Manual 5 yes Normal A 10.2 11.05 14.18 
E gasoline 2,600 2,000 Manual 5 yes Normal G 10.88 11.72 14.9 
E gasoline 2,600 2,000 Manual 5 yes Aggressive A 11.26 11.89 15.15 
E gasoline 2,600 2,000 Manual 5 yes Aggressive G 11.93 12.53 15.87 
E gasoline 2,600 2,000 Manual 6 yes Gentle A 9.35 10.28 13.29 
E gasoline 2,600 2,000 Manual 6 yes Gentle G 9.99 10.96 13.97 
E gasoline 2,600 2,000 Manual 6 yes Normal A 9.99 10.83 13.88 
E gasoline 2,600 2,000 Manual 6 yes Normal G 10.67 11.47 14.6 
E gasoline 2,600 2,000 Manual 6 yes Aggressive A 11.05 11.64 14.86 
E gasoline 2,600 2,000 Manual 6 yes Aggressive G 11.68 12.32 15.57 
C diesel 1,600 1,600 Manual 4 no Gentle A 5.74 5.55 7.07 
C diesel 1,600 1,600 Manual 4 no Gentle G 6.15 5.96 7.48 
C diesel 1,600 1,600 Manual 4 no Normal A 6 5.81 7.33 
C diesel 1,600 1,600 Manual 4 no Normal G 6.42 6.23 7.79 
C diesel 1,600 1,600 Manual 4 no Aggressive A 6.42 6.23 7.79 
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Highway route: 
shopville Auchan 
Corso Romania 
Torino (IT) - 
Tamoil Rho Sud 
(IT) 
Rural route: 
Montalcino (Siena 
- IT) - San 
Gemignano (Siena 
- IT) 
Urban route: Paris 
Gare de Lyon 
(Paris- FR) - 
Montmartre (Paris- 
FR) 
119 km 85 km 7 km 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop Driving style Tyres class 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
C diesel 1,600 1,600 Manual 4 no Aggressive G 6.84 6.69 8.24 
C diesel 1,600 1,600 Manual 5 yes Gentle A 5.51 5.32 5.93 
C diesel 1,600 1,600 Manual 5 yes Gentle G 5.93 5.74 6.34 
C diesel 1,600 1,600 Manual 5 yes Normal A 5.77 5.58 6.19 
C diesel 1,600 1,600 Manual 5 yes Normal G 6.19 6 6.65 
C diesel 1,600 1,600 Manual 5 yes Aggressive A 6.15 6 6.65 
C diesel 1,600 1,600 Manual 5 yes Aggressive G 6.57 6.42 7.07 
C diesel 1,600 1,600 Manual 6 yes Gentle A 5.39 5.2 5.81 
C diesel 1,600 1,600 Manual 6 yes Gentle G 5.81 5.62 6.23 
C diesel 1,600 1,600 Manual 6 yes Normal A 5.66 5.47 6.08 
C diesel 1,600 1,600 Manual 6 yes Normal G 6.08 5.89 6.5 
C diesel 1,600 1,600 Manual 6 yes Aggressive A 6.04 5.89 6.5 
C diesel 1,600 1,600 Manual 6 yes Aggressive G 6.46 6.27 6.95 
E diesel 2,600 2,000 Manual 4 no Gentle A 8.24 7.26 12.16 
E diesel 2,600 2,000 Manual 4 no Gentle G 9.19 7.86 12.69 
E diesel 2,600 2,000 Manual 4 no Normal A 8.89 7.86 12.73 
E diesel 2,600 2,000 Manual 4 no Normal G 9.95 8.59 13.34 
E diesel 2,600 2,000 Manual 4 no Aggressive A 9.95 8.81 13.56 
E diesel 2,600 2,000 Manual 4 no Aggressive G 11.17 9.73 14.32 
E diesel 2,600 2,000 Manual 5 yes Gentle A 7.9 6.95 10.68 
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Highway route: 
shopville Auchan 
Corso Romania 
Torino (IT) - 
Tamoil Rho Sud 
(IT) 
Rural route: 
Montalcino (Siena 
- IT) - San 
Gemignano (Siena 
- IT) 
Urban route: Paris 
Gare de Lyon 
(Paris- FR) - 
Montmartre (Paris- 
FR) 
119 km 85 km 7 km 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop Driving style Tyres class 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
Fuel consumption 
(l/100 km) 
E diesel 2,600 2,000 Manual 5 yes Gentle G 8.85 7.52 11.13 
E diesel 2,600 2,000 Manual 5 yes Normal A 8.85 7.52 11.17 
E diesel 2,600 2,000 Manual 5 yes Normal G 9.57 8.24 11.78 
E diesel 2,600 2,000 Manual 5 yes Aggressive A 9.57 8.47 12.01 
E diesel 2,600 2,000 Manual 5 yes Aggressive G 10.75 9.35 12.73 
E diesel 2,600 2,000 Manual 6 yes Gentle A 7.75 6.8 10.45 
E diesel 2,600 2,000 Manual 6 yes Gentle G 8.66 7.37 10.94 
E diesel 2,600 2,000 Manual 6 yes Normal A 8.4 7.37 10.98 
E diesel 2,600 2,000 Manual 6 yes Normal G 9.42 8.05 11.55 
E diesel 2,600 2,000 Manual 6 yes Aggressive A 9.38 8.28 11.78 
E diesel 2,600 2,000 Manual 6 yes Aggressive G 10.56 9.16 12.5 
C LPG 1,600 1,600 Manual 6 yes Gentle A 9.52 9.52 12.53 
C LPG 1,600 1,600 Manual 6 yes Gentle G 9.96 9.96 13.03 
C LPG 1,600 1,600 Manual 6 yes Normal A 9.96 9.96 12.9 
C LPG 1,600 1,600 Manual 6 yes Normal G 10.4 10.4 13.4 
C LPG 1,600 1,600 Manual 6 yes Aggressive A 10.71 10.71 13.53 
C LPG 1,600 1,600 Manual 6 yes Aggressive G 11.15 11.15 14.03 
Source: Green Driving Tool (EC-JRC, 2016)  
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Table 110. Average fuel consumption of a passenger car travelling 1 km in a typical EU 28 route [kg/l] - Scenario 2 (2015) – Eco Driving. 
 Highway 
route 
Rural 
route 
Urban 
route 
Average fuel 
consumption of 
a passenger car 
travelling 100 
km in a typical 
EU 28 route 
(l/100km) 
Average fuel 
consumption 
of a passenger 
car travelling 1 
km in a typical 
EU 28 route 
[kg/km] 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop 
Driving 
style 
Tyres 
class 
Fuel 
consump
tion 
(l/highwa
y route) 
Fuel 
consump
tion 
(l/rural 
route) 
Fuel 
consumpti
on (l/urban 
route) 
A gasoline 1,200 1200 Manual 4 no Gentle A 1.5 2.2 2.4 6.1 0.04528 
A gasoline 1,200 1200 Manual 4 no Gentle G 1.6 2.7 2.5 6.7 0.04980 
A gasoline 1,200 1200 Manual 4 no Normal A 1.5 2.4 2.5 6.4 0.04775 
A gasoline 1,200 1200 Manual 4 no Normal G 1.7 2.8 2.6 7.1 0.05272 
A gasoline 1,200 1200 Manual 4 no Aggressive A 1.7 2.6 2.7 6.9 0.05153 
A gasoline 1,200 1200 Manual 4 no Aggressive G 1.8 3.1 2.7 7.6 0.05690 
A gasoline 1,200 1200 Manual 5 yes Gentle A 1.4 2.1 2.0 5.5 0.04114 
A gasoline 1,200 1200 Manual 5 yes Gentle G 1.5 2.6 2.0 6.1 0.04550 
A gasoline 1,200 1200 Manual 5 yes Normal A 1.5 2.3 2.1 5.8 0.04354 
A gasoline 1,200 1200 Manual 5 yes Normal G 1.6 2.7 2.1 6.5 0.04824 
A gasoline 1,200 1200 Manual 5 yes Aggressive A 1.6 2.5 2.2 6.4 0.04732 
A gasoline 1,200 1200 Manual 5 yes Aggressive G 1.8 3.0 2.3 7.0 0.05230 
A gasoline 1,200 1200 Manual 6 yes Gentle A 1.4 2.1 2.0 5.4 0.04020 
A gasoline 1,200 1200 Manual 6 yes Gentle G 1.5 2.5 2.0 6.0 0.04474 
A gasoline 1,200 1200 Manual 6 yes Normal A 1.5 2.2 2.1 5.7 0.04267 
A gasoline 1,200 1200 Manual 6 yes Normal G 1.6 2.7 2.1 6.4 0.04734 
A gasoline 1,200 1200 Manual 6 yes Aggressive A 1.6 2.4 2.2 6.2 0.04626 
A gasoline 1,200 1200 Manual 6 yes Aggressive G 1.7 2.9 2.3 6.9 0.05135 
C gasoline 1,600 1,600 Manual 4 no Gentle A 1.9 2.9 3.2 8.0 0.05969 
C gasoline 1,600 1,600 Manual 4 no Gentle G 2.0 3.0 3.4 8.4 0.06260 
C gasoline 1,600 1,600 Manual 4 no Normal A 2.0 3.0 3.4 8.4 0.06243 
C gasoline 1,600 1,600 Manual 4 no Normal G 2.1 3.2 3.5 8.8 0.06532 
C gasoline 1,600 1,600 Manual 4 no Aggressive A 2.1 3.3 3.5 8.9 0.06648 
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 Highway 
route 
Rural 
route 
Urban 
route 
Average fuel 
consumption of 
a passenger car 
travelling 100 
km in a typical 
EU 28 route 
(l/100km) 
Average fuel 
consumption 
of a passenger 
car travelling 1 
km in a typical 
EU 28 route 
[kg/km] 
Segment Fuel 
Engine 
displacement 
(cc) 
Car 
weight 
(kg) 
Gearbox 
EURO 
standard 
Start/Stop 
Driving 
style 
Tyres 
class 
Fuel 
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route) 
Fuel 
consumpti
on (l/urban 
route) 
C gasoline 1,600 1,600 Manual 4 no Aggressive G 2.2 3.5 3.6 9.3 0.06945 
C gasoline 1,600 1,600 Manual 5 yes Gentle A 1.8 2.7 2.8 7.4 0.05524 
C gasoline 1,600 1,600 Manual 5 yes Gentle G 1.9 2.9 3.0 7.8 0.05816 
C gasoline 1,600 1,600 Manual 5 yes Normal A 1.9 2.9 2.9 7.8 0.05785 
C gasoline 1,600 1,600 Manual 5 yes Normal G 2.0 3.1 3.0 8.2 0.06081 
C gasoline 1,600 1,600 Manual 5 yes Aggressive A 2.1 3.2 3.1 8.3 0.06182 
C gasoline 1,600 1,600 Manual 5 yes Aggressive G 2.1 3.4 3.2 8.7 0.06471 
C gasoline 1,600 1,600 Manual 6 yes Gentle A 1.8 2.7 2.8 7.3 0.05421 
C gasoline 1,600 1,600 Manual 6 yes Gentle G 1.9 2.9 2.9 7.7 0.05710 
C gasoline 1,600 1,600 Manual 6 yes Normal A 1.9 2.9 2.9 7.6 0.05679 
C gasoline 1,600 1,600 Manual 6 yes Normal G 2.0 3.0 3.0 8.0 0.05955 
C gasoline 1,600 1,600 Manual 6 yes Aggressive A 2.0 3.1 3.0 8.1 0.06060 
C gasoline 1,600 1,600 Manual 6 yes Aggressive G 2.1 3.3 3.1 8.5 0.06349 
E gasoline 2,600 2,000 Manual 4 no Gentle A 2.5 4.9 4.6 12.0 0.08913 
E gasoline 2,600 2,000 Manual 4 no Gentle G 2.6 5.2 4.8 12.7 0.09429 
E gasoline 2,600 2,000 Manual 4 no Normal A 2.6 5.2 4.7 12.6 0.09367 
E gasoline 2,600 2,000 Manual 4 no Normal G 2.8 5.5 5.0 13.3 0.09899 
E gasoline 2,600 2,000 Manual 4 no Aggressive A 2.9 5.6 5.1 13.5 0.10090 
E gasoline 2,600 2,000 Manual 4 no Aggressive G 3.1 5.9 5.3 14.3 0.10630 
E gasoline 2,600 2,000 Manual 5 yes Gentle A 2.4 4.7 4.1 11.2 0.08319 
E gasoline 2,600 2,000 Manual 5 yes Gentle G 2.6 5.0 4.3 11.9 0.08832 
E gasoline 2,600 2,000 Manual 5 yes Normal A 2.6 5.0 4.3 11.8 0.08773 
E gasoline 2,600 2,000 Manual 5 yes Normal G 2.7 5.3 4.5 12.5 0.09286 
E gasoline 2,600 2,000 Manual 5 yes Aggressive A 2.8 5.4 4.5 12.7 0.09469 
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E gasoline 2,600 2,000 Manual 5 yes Aggressive G 3.0 5.6 4.8 13.4 0.09970 
E gasoline 2,600 2,000 Manual 6 yes Gentle A 2.3 4.6 4.0 11.0 0.08158 
E gasoline 2,600 2,000 Manual 6 yes Gentle G 2.5 4.9 4.2 11.6 0.08657 
E gasoline 2,600 2,000 Manual 6 yes Normal A 2.5 4.9 4.2 11.5 0.08594 
E gasoline 2,600 2,000 Manual 6 yes Normal G 2.7 5.2 4.4 12.2 0.09096 
E gasoline 2,600 2,000 Manual 6 yes Aggressive A 2.8 5.2 4.5 12.5 0.09282 
E gasoline 2,600 2,000 Manual 6 yes Aggressive G 2.9 5.5 4.7 13.1 0.09786 
C diesel 1,600 1,600 Manual 4 no Gentle A 1.4 2.5 2.1 6.1 0.05067 
C diesel 1,600 1,600 Manual 4 no Gentle G 1.5 2.7 2.2 6.5 0.05410 
C diesel 1,600 1,600 Manual 4 no Normal A 1.5 2.6 2.2 6.3 0.05284 
C diesel 1,600 1,600 Manual 4 no Normal G 1.6 2.8 2.3 6.7 0.05646 
C diesel 1,600 1,600 Manual 4 no Aggressive A 1.6 2.8 2.3 6.7 0.05646 
C diesel 1,600 1,600 Manual 4 no Aggressive G 1.7 3.0 2.5 7.2 0.06020 
C diesel 1,600 1,600 Manual 5 yes Gentle A 1.4 2.4 1.8 5.6 0.04646 
C diesel 1,600 1,600 Manual 5 yes Gentle G 1.5 2.6 1.9 6.0 0.04995 
C diesel 1,600 1,600 Manual 5 yes Normal A 1.4 2.5 1.9 5.8 0.04863 
C diesel 1,600 1,600 Manual 5 yes Normal G 1.5 2.7 2.0 6.2 0.05225 
C diesel 1,600 1,600 Manual 5 yes Aggressive A 1.5 2.7 2.0 6.2 0.05217 
C diesel 1,600 1,600 Manual 5 yes Aggressive G 1.6 2.9 2.1 6.7 0.05568 
C diesel 1,600 1,600 Manual 6 yes Gentle A 1.3 2.3 1.7 5.4 0.04545 
C diesel 1,600 1,600 Manual 6 yes Gentle G 1.5 2.5 1.9 5.9 0.04897 
C diesel 1,600 1,600 Manual 6 yes Normal A 1.4 2.5 1.8 5.7 0.04771 
C diesel 1,600 1,600 Manual 6 yes Normal G 1.5 2.7 2.0 6.1 0.05123 
C diesel 1,600 1,600 Manual 6 yes Aggressive A 1.5 2.7 2.0 6.1 0.05114 
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C diesel 1,600 1,600 Manual 6 yes Aggressive G 1.6 2.8 2.1 6.5 0.05458 
E diesel 2,600 2,000 Manual 4 no Gentle A 2.1 3.3 3.6 9.0 0.07512 
E diesel 2,600 2,000 Manual 4 no Gentle G 2.3 3.5 3.8 9.6 0.08070 
E diesel 2,600 2,000 Manual 4 no Normal A 2.2 3.5 3.8 9.6 0.08017 
E diesel 2,600 2,000 Manual 4 no Normal G 2.5 3.9 4.0 10.4 0.08667 
E diesel 2,600 2,000 Manual 4 no Aggressive A 2.5 4.0 4.1 10.5 0.08805 
E diesel 2,600 2,000 Manual 4 no Aggressive G 2.8 4.4 4.3 11.5 0.09598 
E diesel 2,600 2,000 Manual 5 yes Gentle A 2.0 3.1 3.2 8.3 0.06953 
E diesel 2,600 2,000 Manual 5 yes Gentle G 2.2 3.4 3.3 8.9 0.07479 
E diesel 2,600 2,000 Manual 5 yes Normal A 2.2 3.4 3.4 8.9 0.07489 
E diesel 2,600 2,000 Manual 5 yes Normal G 2.4 3.7 3.5 9.6 0.08064 
E diesel 2,600 2,000 Manual 5 yes Aggressive A 2.4 3.8 3.6 9.8 0.08208 
E diesel 2,600 2,000 Manual 5 yes Aggressive G 2.7 4.2 3.8 10.7 0.08968 
E diesel 2,600 2,000 Manual 6 yes Gentle A 1.9 3.1 3.1 8.1 0.06807 
E diesel 2,600 2,000 Manual 6 yes Gentle G 2.2 3.3 3.3 8.8 0.07335 
E diesel 2,600 2,000 Manual 6 yes Normal A 2.1 3.3 3.3 8.7 0.07291 
E diesel 2,600 2,000 Manual 6 yes Normal G 2.4 3.6 3.5 9.4 0.07903 
E diesel 2,600 2,000 Manual 6 yes Aggressive A 2.3 3.7 3.5 9.6 0.08039 
E diesel 2,600 2,000 Manual 6 yes Aggressive G 2.6 4.1 3.8 10.5 0.08799 
C LPG 1,600 1,600 Manual 6 yes Gentle A 2.4 4.3 3.8 10.4 0.05628 
C LPG 1,600 1,600 Manual 6 yes Gentle G 2.5 4.5 3.9 10.9 0.05876 
C LPG 1,600 1,600 Manual 6 yes Normal A 2.5 4.5 3.9 10.8 0.05855 
C LPG 1,600 1,600 Manual 6 yes Normal G 2.6 4.7 4.0 11.3 0.06102 
C LPG 1,600 1,600 Manual 6 yes Aggressive A 2.7 4.8 4.1 11.6 0.06240 
C LPG 1,600 1,600 Manual 6 yes Aggressive G 2.8 5.0 4.2 12.0 0.06488 
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ANNEX 13 – Detailed description of calculations for modelling the fleet in the 
Scenario 5 – Modal Shift 
Table 111 depicts the vehicle kilometres travelled by passenger cars in the baseline 
scenario 2015. 
Table 111. Vehicle-kilometres travelled by passenger cars - Baseline scenario 2015 
Vehicle 
type 
Fuel type 
Engine 
displacement 
Euro Standard 
kms per 
vehicles 
Passenger 
Cars 
Gasoline 
0.8 - 1.4 l 
Conventional 2.73E+10 
Euro 1 2.73E+10 
Euro 2 1.85E+11 
Euro 3 1.85E+11 
Euro 4 2.51E+11 
Euro 5 1.89E+11 
Euro 6 4.85E+10 
1.4 - 2.0 l 
Conventional 1.88E+10 
Euro 1 1.88E+10 
Euro 2 1.28E+11 
Euro 3 1.28E+11 
Euro 4 1.73E+11 
Euro 5 1.31E+11 
Euro 6 3.34E+10 
>2.0 l 
Conventional 3.04E+09 
Euro 1 3.04E+09 
Euro 2 2.07E+10 
Euro 3 2.07E+10 
Euro 4 2.79E+10 
Euro 5 2.11E+10 
Euro 6 5.40E+09 
Diesel 
<2.0 l 
Conventional 3.16E+10 
Euro 1 3.16E+10 
Euro 2 2.14E+11 
Euro 3 2.14E+11 
Euro 4 2.90E+11 
Euro 5 2.19E+11 
Euro 6 5.61E+10 
>2.0 l 
Conventional 6.53E+09 
Euro 1 6.53E+09 
Euro 2 4.43E+10 
Euro 3 4.43E+10 
Euro 4 5.99E+10 
Euro 5 4.53E+10 
Euro 6 1.16E+10 
LPG 
Conventional 2.10E+09 
Euro 1 2.10E+09 
Euro 2 1.42E+10 
Euro 3 1.42E+10 
Euro 4 1.92E+10 
Euro 5 1.45E+10 
Euro 6 3.72E+09 
Electrical   2.49E+09 
Hybrid   1.22E+10 
    Total 
    3.01E+12 
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Considering a typical EU28 route (30% urban), the kilometres travelled by passenger cars 
on urban roads are 9.02E+11. 
Table 112 depicts the 3 sub-scenarios in which a reduction of km travelled by passenger 
cars in urban context has been assumed. 
Table 112. Description of sub-scenarios - Scenario 5 (2015) – Modal Shift 
 
Reduction of km 
travelled by 
passenger cars (%) 
Urban km travelled by 
passenger cars due to 
shift 
km travelled by 
other means 
Scenario 5A 2 8.84E+11 1.80E+10 
Scenario 5B 5 8.57E+11 4.51E+10 
Scenario 5C 10 8.12E+11 9.02E+10 
 
For all sub-scenarios it has been supposed that 90% of travellers would use buses and 
10% bicycle or other not-polluting means (Table 113). 
Table 113. Vehicle-kilometres travelled by urban bus or other means due to modal shift - Scenario 
5 (2015) – Modal Shift 
Bus (90% of total) 
Bicycle/other not-polluting 
means (10% of total) 
1.62E+10 1.80E+09 
4.06E+10 4.51E+09 
8.12E+10 9.02E+09 
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